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For Over 20 Years, this WILFLEY 
Centrifugal Pump has been opera- 
ting continuously—handling lead 
concentrates efficiently with only 
occasional] replacement of wear 
parts—at a well-known Pacific 
northwest mill. WILFLEY Pumps 
are famous for delivering trouble- 
free performance without attention 
-stepped-up production and ac- 
tual dollar savings in power and 
operation (wherever mill concen- 
trates must be handled economi- 
cally ). There is a highly efficient, 
cost-reducing WILFLEY Pump 
size for every pumping require- 
ment. Individual engineering on 
every application. Write or wire 
for complete details. 


Sug WILFLEY for 
performance 


A.R.WILFLEY & SONS, inc. 
DENVER, COLORADO, U.S.A. 

New York Office: 

1775 Broadway + New York City 


se 
entt® 
nec 
— 
i. “4 
: is 
: 
3 es 
iff 
j 


THOMAS E. LLOYD 


Manager of Publicati 


HAROLD N. UNDERHILL 
Associate Editor 


D. G. GARRETT, M. BAGG, 
Assistant Editors 


WHEELER SPACKMAN 
Advertising Manager 


GRACE PUGSLEY, Production Manager; 
WALTER J. SEWING, Assistant 


F. B. Foley Chairman 
E. J. Kennedy, Jr Secretary 


Auxiliary Publications Committee Chairmen 


R. D. Leisk Mining 
Richard N. Hunt Geology 
LeRoy Scharon Geophysics 
M. D. Beneficiation 
H. P. Greenwald 
Allan F. Matthews Industrial Minerals 
C. H. Behre, Jr. ; Education 
C. H. Behre, Jr Mineral Economics 


ri 
The Journal of Motels” 
publishes | Journal of Petroleum Technology 


Published monthly by the American Institute 
of Mining ond Metallurgical Engineers, Inc., 
29 West 39th St., New York, 18, N. Y 
Telephone: PEnnsylvania 6-9220. Subscription 
$8 per year for non-AIME members in the 
U. S., & North, South & Central America; $9 
foreign; $6 for AIME members, or $4 in com 
bination with a subscription to Journal of 
Metals or Journal of Petroleum Technology 
Single copies $.75; special issues $1.50. The 
AIME is not responsible for any statement 
made or opinion expressed in its publication 
Copyright 1950 by the American Institute of 
Mining and Metallurgical Engineers. Reg 
istered cable address, AIME, New York. In 
dexed in Engineering Index, Industrial Arts 
Index, and by The National Research Bureau 
Entered as second-closs matter Jon. 18, 
1949, at the post office at N. Y., N. Y., under 
the act of March 3, 1879. Member, ABC 


Incorporating Mining and Metallurgy, Mining Technology and Coal Technology 
187 NO. 10 OCTOBER 1950 


VOL. 


FEATURES 
Reporter 
Editorial 
It's Everyone's Business 
Drift of Trings 
Authors in This Issue 
AIME News 
Coming Events 
Manufacturers’ News 


American Mining Congress Meeting 


ARTICLES 
The Pattern of the ECA in Mineral Affairs 
Techniques for Pitch Mining in Anthracite 
Screw Crusher Solves Problem for Freeport 


Open-Pit Forum—Drilling and Blasting at Bagdad Copper 


TRANSACTIONS 


Roof Studies and Mine Structure Stress Analysis, Rifle, Colo. 


An Unusual Test of the Accuracy of Well-Surveying 
Preliminary Report of Massco Circuitron 


Conductance Electrostatic Separation 
with Convective Charging 


Concentration of Blackbird Cobalt Ore by Roast-Flotation 
Kerosine Flotation of Bituminous Coal Fines 

Humphreys Spiral as a Cleaner of Fine Coal 

Petalite—A New Commercial Mineral 


Tin Deposit of Monserrat Mine, Bolivia 


1031 
1037 
1038 


1041 
1044 
1047 
1057 
1068 
1071 


Cover: Although our cover this month is a bit abstract, the work of ECA 
is performing concrete wonders the world over. See P. 1024 for further 


enlightenment. 


Personnel Service 1002 
Advertisers Index 1090 


OCTOBER 1950, MINING ENGINEERING—999 


BEALL 1019 
1021 
1014 
1079 
1028 
Technical Publications Committee 1027A 
1025A 
| 1026 | 
1027 
| 
— 


ALLIS-CHALMERS BASIC INDUSTRIES 
RESEARCH LABORATORY 


Gravity shaking table, shown recovering 
scheelite from an ore, is also used to check 
pilot mill flotation tails, 


New 32-page Booklet 
Describes Research 
Facilities Available for 
The Metal Mining and 
Processing Industries 


— TO KNOW CosTs of a proc- 
ess before full-scale production ? 
Need laboratory engineering informa- 
tion that will guide you in designing a 
more efficient plant? 

To help answer vital questions such 
as these, a new booklet — the picture 
story of the Basic Industries Research 
Laboratory — defines the types of re- 
search available, contains a record of 
investigations plus an important section 
about costs and a complete description 
of the testing equipment available. 

Pictures shown here are of typical 
grinding and classifying tests. 

In addition to laboratory-scale test- 


ALLIS-CHALMERS 


Laboratory rod mill used to calculate the Bond mill grir.dabilities. 


ing operations, the Laboratory is avail- 
able for complete pilot-scale crushing, 
grinding and concentration tests on 
quantities of feed ranging from 10 to 
20 tons per day. 

If you are engaged in or associated 
with the basic industries processes, we 
would be most happy to send you a copy 
of this valuable booklet. Write your 
nearest Allis-Chalmers district office. 


Basic Industries Research Laboratory — Dedicated 
to a Better Utilization of Our Raw Materials 
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(AC) Position 


FREE! Send Today 


ALLIS-CHALMERS, 971A SO. 70 ST. 
MILWAUKEE, WIS. 


Please Send New Laboratory 
Bulletin 07864198 


Nome 


Company 


Address 
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A-3106 
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FLEXIBLE 
RESULTS USE rH, 


UNIT FLOTATION 


Roddymoor* vf THE Extreme fiexibility is provided by using Denver 
a t —S “Sub-A” Unit Flotation Cells. Mr. H. Nelson of Eng- 
Coal Flotation +7 20 individual Wo. 18 special Desver land’s National Coal Board, says, “ . . . Denver Flota- 
land “Sub-A” Unit. Flotation celts, tion Cells have proved ideal for our purpose; being 
Eng ' flexible enough to allow almost any combination of 
flows, and extremely low in maintenance costs.” 


Coarse Gold Free gold and gold associated with chalcopyrite, are 
— = much easier to float in a dense pulp, easily maintained 

From Grinding in a Denver Unit Flotation Cell. Such high densities 
Grcuit 2 in subsequent flotation circuits cannot be satisfactorily 


handled, thus making even more desirable the re- 
covery of coarse values in the grinding circuit. 


Slime loss Reduced DENVER CROSS FLOW CLASSIFIER Decreasing slime loss in copper circuit is the function 


YL, of this Denver “Sub-A” Unit Cell. Recovery of copper 
TO DENVER 


at a coarse size eliminates overgrinding and resulting 
o's x ROTATION slime losses. Combined concentrate of Unit Cell and 
SS subsequent “Sub-A” Flotation gives higher average 

grade as well as higher total recovery. 


DENVER UNIT CELL CONCENTRATE 


“Read this complete story in May-June, 1950, Deco Trefoil. 


All your process equipment needs from Testing to Feeder to 
FLOTATION a”) a +++ are available. Write, wire or phone for complete in- 

ormation, 

“The firm that makes its friends happier, healthier and wealthier” 


DENVER EQUIPMENT COMPANY, 1418 17th St., Denver 17, Colorado 
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Engineering Societies Personnel Service 


} y ) \ iN HE #¢ wing employment items are made available to AIME member n a non-profit 
, a basis by the Engineering Societies Personne! Service, Inc perating in peration with 
t 


he four Founder Societie al offices of the Personne! Services are at 8 W. 40th St 


r OW 4 iG iT ) | New York 18; 100 Farnsworth Ave., Detroit; 57 Post St.. San Francisco; 84 E. Randolph St 
Chicago 1. Applicants should address all mail to the proper key numbers in care of the 
| r 9 u prop 
i); —_ a | a New York Office and include 6¢ in stamps for forwarding and returning application. The 
— > 


applicant agrees, if placed in a position by means of the Service to pay the placement fee 
» sted by the Service AIME members may secure a weekly bulletin of positions available 
for $3.50 a quarter or $12 4 year 


POSITIONS OPEN 


Assistant Mine Engineer, experienced, to do mine and surface surveying, 
stope measurement, development work and general mine engineering 
work. Salary, $3300-$3600 a year. Location, southeastern United States. 
Y4151. 


Mine Superintendent, 30-45, mining graduate, with experience in min- 
ing and milling of cassiterite ore, to evaluate primary deposit, plan and 
supervise shaft sinking and underground operations, prepare production 
flow sheet, supervise enlargement of pilot mill under direction of general 
manager. Must have some knowledge of French for reports and corre- 
spondence. Two or three year contract as agreed. Salary open. Location, 
central Africa; 3000ft. elevation. Y4147. 


Assistant Manager for a complex metal property, single, 30-40, who has 
had considerable mining experience, including mine construction work. 
Must be qualified to assume responsibility and management duties. Salary, 
$8400 a year. Location, Far East. Y4062. 


Menlo 
a Draftsman, young, with some mining and metallurgical plant design 
" E Fluoretor experience, to be trained for more important work. Permanent position 
7 ta in Southwest with some traveling in Mexico. Y3829. 
My has its own patented 
Ps dark chamber, an Division Mine Foreman with underground mining experience, preferably 
Ky exclusive feature for in narrow vein. Salary, $350 a month plus room and board for single man. 
a) meodelet lenel Furnished apartment at the end of three months if married, plus $65 a 
hie p urtraviole amping month board allowance. Must speak Spanish. Location, Central America, 
ies. = independent of light 5000 ft. elevation, moderate climate with dry and rainy seasons. Y3826. 
ts ( less than 2 pounds. Self- Engineers. (a) Mechanical or Mining Engineers for office engineering 
ie { energized from 2 flashlight work, with some previous experience with belt conveyors, bins, hoppers 
1s b : ti t 2537 and bulk material handling. Salary, $3600-$4800 a year. (b) One mechani- 
4 atteries. Opera ion a cal and one electrical engineer with some experience in mechanical and 
ae or 3660 Angstroms. Ideal for electrical layout, machine shop and some design as connected with strip 
fe Geiger-counter confirmation. mining. Salary, $5400-$6000 a year. Location, New York, N. Y. Y3783. 
He At agg eae th Safety Engineer, under 40, with experience in metal mining safety 


work. Salary open. Location, Michigan. Y4174D. 


Chemist-Assayer, graduate, experienced in fire assaying and wet de- 
terminations of lead, zinc, copper, gold, silver, tin, tungsten, bismuth, 
antimony, etc., ores and concentrates, in large laboratory employing 20 
workmen and handling about 10,000 assays monthly. Standard three-year 
contract; working knowledge Spanish essential. Salary, $4200 a year plus 
one month's bonus. Single status for six months, free transportation to 
Bolivia by air for employee and wife, free living quarters. Y4186. 


MEN AVAILABLE 


Placer Engineer, registered, 36, married. Available for exploration work 
in foreign fields. Capable of following exploration work with plant layout 
and supervision of mining operations. Experienced in hydraulics, washing 
plant and dredge operations. Single status during exploration work if 


specimen holders. 

2537 of Geologist, B. S. One year academic work satisfactorily completed on 
2 M. A. Married, two children. Experience as hard rock miner prior to war. 
“m $49.50 Complete Four years in Service. Approximately one year’s experience in field on 
ae interchangeable head for alternate wovetonl geology of western phosphate. Travel anywhere U.S. M-582. 

$20. Same unit for 115-v 60-cycle power | 


Mining Engineer and Geologist, 32, graduate French School of Mines 
equivalent M.S. plus one year post-graduate work mining geology. Fluent 
Monk Slesoaved hatevalery French and English. U.S. citizen. Eight years’ experience geological map- 

ping and prospection work in France, French Guiana and New Caledonia 

P. 0. GOK A522 MENLO PARK, CALIF. (gold, bauxite, garnierite, chromite). Seeking position mining geology, 


(Continued on page 1004) 


Dealer inquiries invited 
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TESTING 


Precision polishing and high powered magni- 


fication enable us to go 100 times beyond nor- 
G o — 4 mal vision in examining Wickwire Rope steel 


for classification of grain size to McQuaid- 
Ehn* standards. 


100 times beyond normal vision 


Uniformity of grain size in steel assures longer life and greater reliability 
in Wickwire Rope. 

Right down the line...starting with the melting and refining of our steel 
...and continuing through heat treating processes and cold drawing of the 
wire, we maintain complete control over the grain size of steel used in 
Wickwire Rope. 

This quality control of basic properties is possible only with a company 
whose operations are fully integrated from the actual making of the steel 
to the stranding of the finished rope. It's just one more example of how 
Wickwire goes ‘beyond specifications” to give you—at market prices—wire 
rope that is unsurpassed for reliability, safety and longer life. 

See your local Wickwire distributor for the right rope for your particular 
requirements, Wickwire Rope is available in all sizes and constructions, 


both regular lay and WISSCOLAY Preformed. 


*For detailed information on the McQuaid-Ehn test 
and what it means to you in superior rope perform- 
ance, write to Wire Rope Sales Office, Wickwire 

Spencer Steel Division of C. F, & Palmer, Mass, 


 WICKWIRE ROPE (Fl 


A PRODUCT OF THE WICKWIRE SPENCER STEEL DIVISION OF THE COLORADO FUEL AND IRON CORPORATION Tr 
WIRE ROPE SALES OFFICE AND PLANT—Palmer, Mass. EXECUTIVE OFFICE—5O0 Fifth Avenue, New York 18, N.Y, 


SALES OFFICES—Abilene (Tex.) + Boston Buffalo* Chott (Pa.)+Philadelphia+Tulsa+ Fort Worth» Houstons New York 
PACIFIC COAST SUBSIDIARY—The California Wire Cloth Corporation, Oakland 6, California 
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Use Ash Grove White Lime... 
this high quality, high-calcium 
lime assures fast, dependable, 
and uniform chemical reac- 


RESULTS: AT ! 


as superfine grit-free hydrate 
containing mo unhydrated ox- 


LOW COST / 


low cost. 


GROVE 
WHITE LIME 


specification 


folder 


SUBSTITUTE 


ASH GROVE LIME & PORTLAND CEMENT CO. 
101 West Eleventh St., Kansas City, Mo. 


INCREASE MINERAL RESERVES 
BY DIAMOND CORE DRILLING 


The Longyear Organization. can help 
you to expand present reserves. It will 
supply you with drills, or do your drilling 
under contract. 

DIAMOND CORE DRILLS—Longyeor manv- 
factures a complete line of diamond core 
drills and equipment—lightweight machines 
for Underground use, — mobile equipment for 
rapid SURFACE exploration,—or powerful 
drills for Deep Hole drilling. 

CONTRACT CORE DRILLING — Modern 
equipment and experienced crews are avail- 
able. Your job is carried through rapidly and 
economically. Accurate, dependable core 
samples prove up your reserves. 


E. J. LONGYEAR COMPANY 
MINNEAPOLIS, MINNESOTA, U.S. A. 


DIAMOND CORE DRILLS * CONTRACT CORE DRILLING «© SHAFT SINKING 
GEOLOGICAL INVESTIGATIONS 
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exploration work or laboratory research ore dressing. 
Available immediately, married, one child. M-584. 


Mining Engineer, Dutch (graduate Delft), 34, mar- 
ried, children. Ten years’ experience Dutch and Amer- 
ican oil and ore companies S. E. Asia and Central 
Africa. Exploration, evaluation, development (inclu- 
sive construction) and management of manganese, 
iron and phosphate projects. Speaks fluently English, 
French, German, Malay; reading knowledge Spanish. 
Interest technical economics, research, sales engineer- 
ing. Available January 1951. M-587. 


Research Engineer, 4 years in charge 70 man labo- 
ratory, four years in charge 14 man research depart- 
ment, non-ferrous process metallurgy and mineral 
dressing; five years mineral dressing research non- 
metallics. Age 36, married. Desire position research 
and development executive, mineral or heavy chem- 
ical industry. M-589. 


Geologist, 29, single, M. S. Geology, University of 
New Mexico, 1950. B. S. Agriculture, Ohio State Uni- 
versity, 1943. Extensive geologic field work; independ- 
ent investigations regarding mineralogy and metal- 
lography of meteorites, manuscripts covering which 
are now in press; studies encompassed all phases of 
geology, including petroleum studies, field mapping 
and mining methods. Available immediately. Location 
immaterial. M-590-508-E-8-San Francisco. 


WANTED: 


LARGE BALL OR PEBBLE MILL. 
GOOD CONDITION. 


National Titanium Co. Vernon, Calif. 


TY: ROC K_ the Ideal Screen 


S HEAVY LOADS— COARSE MATERIALS! 


USED THROUGHOUT THE WORLD 
WHEREVER LARGE TONNAGES 
OF ROCK OR ORE ARE SCREENED! 


Manufacturers of Woven Wire Screens and Screening Machinery 


THE W. S. TYLER COMPANY 
CLEVELAND 14,0HIO * U.S.A. 
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DORRCO FLUOSOLIDS 
SYSTEM for Canada’s 
Red Lake district 


Cireled in the photo above is the FluoSolids 
building at Campbell Red Lake Mines Ltd. . . 
another Dorrco FS System to be installed in 
Canada for the roasting of refractory arseno- 
pyrite gold ores. With a design capacity of 65 
tons per day, Campbell's FS System is roasting 
flotation concentrates for the elimination of 
arsenic and sulphur. The caleine is cyanided 
for gold recovery. 


Three features of particular significance 
have been demonstrated at Campbell: 


FIRST... the FS System is successfully roasting a concentrate 


containing only 18°) sulphur... without auxiliary fuel. 


SECOND ... feed is being pumped to the FS Reactor as a slurry 


at 70 to 80°" solids... without prior drying. 
THIRD .... it has been possible to shut down one shift per day 


with no difficulty experienced in returning to full operation. 


Resultant low operating costs and low first cost as compared 
with conventional roasters make FluoSolids well worth careful 
investigation. If you have a roasting problem involving arseno- 
pyrite or telluride gold ores we would like to give you further 
details. 


| 


RESEARCH ENGINEERIN G EQUIPMENT 


DORRCO FLUOSOLIDS Sys. 


tems employing single com- 


partment reactors as illus 


trated are applicable to the 


roasting of refractory gold ore 


concentrates, copper and zinc 


concentrates, and pyrite. 


THE DORR COMPANY, ENGINEERS 
BARRY PLACE, STAMFORD 


NEW YORK © ATLANTA @ 
CHICAGO © DENVER © LOS ANGELES 
RESEARCH AND TESTING LABORATORIES 
WESTPORT, CONN, 
SUGAR PROCESSING 
PETREE & DORR DIVISION, STAMFORD, CONN 
ASSOCIATES AND REPRESENTATIVES 

Dorr Technical Services ond Equipment Are Also 
Available Through Associoted Companies ond Rep- 
resentatives in the Principal Cities of the World. 

Names and Addresses on Request 
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An exclusive Gardner-Denver feature can 
help you eliminate dry drilling. It’s the new 

you air-operated water control valve — available 
only on Gardner-Denver RB Stopers. 


This unique valve assures a flow of water to the 
can | face of work both before and during the drilling 
: operation. One throttle valve, operated by a 
sto d conventional throttle valve handle, controls all 
stop ry functions of drilling and water control. The desirable 
“water on—air on—air off —water off” cycle required 


drilling in some localities is provided automatically. 


and here’s another RB advantage you'll like 
with a i The throttle valve is fitted with a tubular screen 


which is automatically cleaned by live air each 
GARDNER-DENVER time the handle is brought past the “off” position. 
Any accumulated dirt is blown out of the drill, 
RB STOPER _ 


and time out for cleaning a clogged screen 
is practically eliminated. 


A 


Gardner-Denver RB104 Gardner-Denver RB94 : Gardner-Denver Stopers ave famous for their safe handling, fast 
—the heavy-duty self- —the fast drilling, self- drilling, smooth feeding and their constant sludge protection, 
rotating stoper with ex- rotating stoper that 
ceptionally high drill- weighs only 100 
ing speeds pounds. 


Bulletin SD2 gives complete GARD NE R-D E NV ER 


information on Gardner-Denver Stopers 
—write today for your copy. 
Gardner-Denver Company, Quincy, Illinois 
In Canada: 
Gardner-Denver Company (Canada), Ltd.. 
Toronto, Ontario 
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HEAVIER LOCOMOTIVES and HIGHER SPEEDS 
for MAIN LINE HAULAGE METAL MINES 


eee 


GOODMAN TROLLEY LOCOMOTIVES 


The locomotive shown here weighs 20 tons 
and has two motors, 120 hp. each. Speed at 
running drawbar pull is 8 miles per hour. 
Over-all length—20 feet 4 inches, height over 
deck—44'/ inches, over-all width —63 inches. 
Air brakes, sealed beam headlights and roll- 
er axle journal bearings are other features. 
it can be operated in permanent or sepa- 
rable tandem. 

This locomotive is one of a fleet built for 
a large metal mine. Can we give you more 
details about it or other locomotives avail- 
able in the complete Goodman line? 


D St curcaco 9, 
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LINK-BELT 


Conveyors 


Fit the Job 


Junction of two Link-Belt roller-bearing belt conveyors 
showing Link-Belt welded-steel foot pulleys and the 
rubber-tread impact idlers that absorb the shock of fall- 
ing material, protecting the idlers and preserving the belt. 


Link-Belt standard boll- and rolier-bearing pillow blocks 
and takeups used throughout the flat belt conveyor 
system which carries wall boord. 


LINK-BELT COMPANY 


Chicago 9, Indi lis 6, Philadelphia 40, Atlanta, Houston 1, 
Minneapolis 5, San Francisco 24, Los Angeles 33, Seattle 4, 
Toronto 8, Johannesburg. Offices in Principal Cities. 

12,051 
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A section of a 30” wide Link-Belt roller-bearing belt conveyor 
handling 500 tons of gypsum rock an hour, showing standard 
Link-Belt troughed idlers. In the foreground is one of the Link-Belt 
belt training idlers that prevent damage to the belt from mis- 
oliqnment due to off-center loading, stretch, or improper splicing. 


For materials conveying, whether the problem is ton- 
nage, distance, or a combination of both for any of 
an almost endless variety of materials, heavy or light, 
ranging in size from large lumps to fines, for con- 


tinuous or intermittent operation, it is a Link-Belt job. 


Link-Belt designs the belt conveyor system to meet 
your requirements, builds the various elements, as- 
semblies, supporting structures and enclosures, and 
installs the job complete. With Link-Belt, experience 
puts the right equipment in the right place for the 
specific application and service. Every detail is given 
the proper attention for trouble-free performance, 


efficiency, and endurance. 


It will pay you to put your materials handling 


problems up to Link-Belt. Ask our nearest office. 


LINK-BELT 


BELT CONVEYOR EQUIPMENT 
IDLERS © TRIPPERS © BELTS © PULLEYS 
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Gyratory 
Crusher 


ORDEERS supplies a 


| Mining 


for increased production 
CRUSHING 


WHEREVER reduction crushing is required, world-wide 
experience has proved that Symons Cone Crushers produce 
greater quantities of sized product within close control limits, 
and at lower cost per ton. The Symons process of crushing 
combines controlled feed, controlled flow of material through 
the crusher, tremendous crushing impact, wide throw of the 
crushing head and controlled, accurate sizing—a few of the 

distinctive features of Symons Cone Crushers! 

For primary crushing, Nordberg offers heavy-duty 

Gyratory Crushers from 30" to 72” and Jaw Crushers 

from 36" x 48" to 72” x 96". 


ACCURATE sizing and screening problems can be 
solved with Nordberg equipment designed for wet 
or dry operations. Symons Horizontal Vibrating and 
Rod Deck Screens and Vibrating Bar Grizzlies are 


available to meet your requirements. 


A complete line of large Nordberg Grinding 
Mills in all types for wet and dry grinding 
is available in sizes up to 10'8” diameter 
and 50'0” long. 
RG MFG.CO.”; 
MILWAUKEE 7,WISCONSIN 


NEW YORK + SAN FRANCISCO * WASHINGTON + SPOKANE | 
MEXICO, D.F + LONDON + TORONTO + JOHANNESBURG 
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Symons 
Cone Crusher 
ee ite SIZING and SCREENING 
Comp FINE GRINDING 
Write for literature on the equipment you need. [i inn 
{ 
Jaw Crusher Rotary Kiln Bar Grizzly Deck Screen Diesel Engines 


Powered for low-cost 
high-tonnage 


Typical of the mining indus- 

try’s increasing electrification 

to handle high tonnages at 
low cost is this new copper re- 
finery at Garfield, Utah, which 
has a capacity of 12,000 tons of 
refined copper per month, with 
provision for expansion to 16,- 
000 tons. Power for the refinery 
and other operations comes 
from Kennecott’s power station, 
where three G-E steam turbine- 
generators (two of 25,000 kw 
each, plus the 50,000-kw unit 
shown here) generate 13.8-kv 


power which is stepped up to 
44 kv for transmission. 


At the refinery, three miles 

away from the power plant, 

incoming 44-kv power is 
stepped down to 13.8 kv at this 
G-E package substation. Com- 
pletely co-ordinated, it includes 
an outdoor steel switching struc- 
ture, three 7500/9375-kva power 
transformers (with provision for 
addition of a fourth) and neces- 
sary metal-clad switchgear. G-E 
package substations, made in 
many standard combinations to 


| 


fit all mining-industry needs, 
come in factory-built sections 
ready to install. They simplify or- 
dering, save engineering time, 
speed installation, cut costs. 


GENERAL ELECTRIC 
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In its new electrolytic refinery, 
Kennecott Copper Corporation 
uses this General Electric 
generation, conversion, and 
distribution equipment to help 
maintain production continuity 


Four G-E 1500-kva double ended load-center substations 
(one shown) step down voltage from 13,800 to 480 and 
provide distribution at centers of load to reduce power losses. 


This G-E panel — controlling package substation, a-c 
switchgear, and d-c power for electrolytic cell lines — 
helps centralize and co-ordinate plant operations. 


Inside the refinery, protecting all 13.8-kv feeders and 
3 personnel as well, is this G-E metal-clad switchgear that 
provides flexibility for future load changes. 


A-c is converted to d-c for electrolytic cell lines by six G-E 
motor-generator sets, each including a 2900-hp syn- 
chronous motor and two 1000-kw, 125-volt d-c generators. 


CO-ORDINATED 


5 a POWER SYSTEMS 
ho for the Mining Industry 


Whatever your mining or processing problem, a good man to know is the mining 
industry specialist in your nearby G-E office. Ask him about power-system equip- 
ment for your plant to protect service continuity, help boost production, cut costs. 
Apparatus Dept., General Electric Company, Schenectady 5, N. Y. 
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Traylor applied this principle of nature to jaw 
crushers and developed the most efficient jaw 
plates made. Their engineered curves exert 
all of the power applied as crushing force . . . 
lifting action is eliminated. The increased size 
of each succeeding feeding zone prevents choking. 


The Traylor Type HB Jaw Crusher has Traylor 
Curved Jaw Plates as standard equipment 
Long, efficient operation is assured by such 
features as an improved bulldog pitman, three 
bearing toggle system and manganese steel, 
reversible cheek plates. Main bearings are 
babbitted, water jacketed and fitted with 
generous grease reservoirs 


Jaws Make it Easier 
sh More...Finer” 


TRAYLOR CURVED JAW PLATES 
STRAIGHT PLATES 


STRAIGHT PLATES 


An actual, recorded instance is illustrated by 
this graph. Each white bar indicates the per- 
formance of a certain jaw crusher with its original 
straight plates. The black bars show how 
Traylor Curved Jaw Plates fitted to the same 
crusher produced greater tonnage of finer product 
with less fuel. 


The new, illustrated Bulletin 3105 fully de- 
scribes the Traylor Type HB and Type H Jaw 
Crushers and their Curved Jaw Plates. Write 
today for your copy or for information about 
fitting your present equipment with Traylor 
Curved Jaw Plates. 


TRAYLOR ENGINEERING & MANUFACTURING CO. 


392 Mill St., Allentown, Pa. 


Sales Offices: New York, N. Y., Chicago, Ill., Los Angeles, Calif. 
Canadian Mfrs: Canadian Vickers, Ltd., Montreal, P. Q. 


“MY C u 
7 of 
ke S . 
| \* = 
/ and Dryers pRoFITSs 
Kilns, Coolers Rolls +o GREATER 
Rotary Crushing oR” LEADS 
Grinding Mill Gyratory A “TRAYE 
daw, 


* MINING 


The process of mining sulphur, as developed by Herman Frasch, 
takes advantage of the fairly low melting point of sulphur (about 
240° Fahrenheit). The process resolves itself into three parts: one, 
operating a power plant that heats and pumps to the field large 
quantities of water; two, distributing the hot water through wells 
to melt the underground sulphur, and raising the melted sulphur 
to the surface; three, cooling and solidifying the sulphur in large 


vats from which it is broken and loaded into cars for shipment, 


The power plant and water reservoir, as well as the vats and 
permanent structures, are placed ot some distance from the 
sulphur deposit to avoid possibility of damage from surface 


subsidence, resulting from extraction of the underground sulphur 


Leading operations at one of the huge vats of 
_ Sulphur at our Newgulf, Texas mine. Such ree 
mountains of Sulphur are are constantly being 
built at our mines, from shipments ore” 
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This Basic | 
from the Gulf Cos 
| 
EXAS UULEOULPHUR (0. 
75 East 45th St. New York 17, N.Y. | 
| Mines: Newgulf and Moss Bluff, Texas 


A. A. Gustafson (P. 1026) tells us this 
month how observation of a meat 
grinder gave birth to a successful 
“home-made” crusher now used at 
Freeport Sulphur’s operations in 
Grande Ecaille, La. Now serving as 
operation’s assistant at Grande 
Ecaille, Mr. Gustafson has been 
shipping and production superin- 
tendent for Freeport in Louisiana, 
mine superintendent at Nicaro 
Nickel in Cuba, exploration su- 
perintendent in the western states 
for Freeport, and resident man- 
ager of the Freeport Exploration 
Co. in Canada. He has also been 
a mining engineer for Pickands 
Mather in Minnesota. A native of 
Duluth, Minn., he went to high 
school there, and to the University 
of Minnesota for his E.M. degree. 
He has presented one other paper 
before the AIME, of which he’s a 
member. Photography, hunting and 
fishing fill his spare hours. 


S. H. Williston (P. 1037) is vice-pres- 
ident and treasurer of the Cordero 
Mining Co. in San Francisco. Born 
in Lawrence, Kansas, he attended 
Hyde Park High School, the New 
Mexico School of Mines, and then 


S. H. Williston S. R. Zimmerley 

took his degree in geology and pa- 
leontology from the University of 
Chicago. He served as chief geolo- 
gist for the Venezuelan-Sun Oil Co., 
and also did geophysical work for 
that organization. For the past 15 
years he has been engaged in the 
mining of strategic minerals. His 
titles include: vice-chairman, Na- 
tional Minerals Advisory Council of 
the Department of the Interior, and 
chairman of the alloys committee; 
member of the executive committee 
and chairman of the strategic com- 
mittee of the American Mining 
Congress; vice-president of the 
Oregon Mining Assn.; and vice- 
president and director of the 


SEPARATION : 


drotator Separation have made its 


SEND FOR 120-PAGE BOOK ON PROCESS 


The tremendous post-war engineering advancements in Hy- 


ilable for a much 


wider range of sizes of feed. Standard Hydrotators and Hydrotator- 


Classifiers are now available for all sizes of coal, and in a complete 


range of capacities for all preparation plants. Completely automatic 


in operation. Our new 120-page catalog also gives data on other 


units in Wilmot's complete line of coal preparati t 
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Sperry-Sun Well Surveying Co. Mr. 
Williston is also an AIME member. 


L. E. Schiffman (P. 1047) has spent 
23 years with Sloss-Sheffield Steel 
& Iron Co., Birmingham, Ala., as a 
mechanical engineer, engaged in 
raw materials preparation, and now 
as an electrical engineer. Born in 
Asheville, N. C., Mr. Schiffman went 
to high school in Greensboro, and 
later took his B.S. in electrical en- 
gineering from Carnegie Institute 
of Technology. He spent the first 
five years of his career with the 
Springfield Gas & Electric Co. in 
Springfield, Mo. 


J. D. Clark (P. 1068), a native of Co- 
lumbus, Ohio, took his degree in 
ceramic engineering from Ohio 
State in 1939, and for the next four 
years was associated with Edgar 
Bros. in Metuchen, N. J. He is now 
a ceramic engineer with the Foote 
Mineral Co. in Philadelphia. Mr. 
Clark now lives in Jenkintown, 
turns to photography and cabinet 
making in his spare time. 


J. D. Clark 


S. R. Zimmerley (P. 1044) holds BS. 
and MSS. degrees from Pennsylva- 
nia State College and the Univer- 
sity of Utah, respectively. Now chief 
of the metallurgical division of the 
Bureau of Mines’ Region IV in Salt 
Lake City, he has held various 
other posts with the Bureau in that 
city, and has also been an opera- 
tion and research metallurgist with 
the Sullivan Mining Co. in Kellogg, 
Idaho. AIME member Zimmerley 
has contributed five other papers 
to Institute literature in the past 
22 years. 


M. R. Geer (P. 1057), born in Delta, 
Ohio, attended Ohio State and the 
University of Washington, receiving 
B.E.M., MS., and E.M. degrees. 
Since his graduation in 1935 he has 
been a mining engineer with the 
Bureau of Mines’ Northwest Experi- 
ment Station in Seattle. He has 
written seven other papers on coal 
preparation and _ utilization for 
AIME, as well as chapter 2 of the 
AIME “Coal Preparation” volume. 
Fishing and woodworking are his 
hobbies. 
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A PRIMARY REFERENCE WORK 


On Heavy Media Separation... 


beneficiation plants processing... 


NON-METALLIC ORES 


eThis bulletin discusses the HMS process as it 
relates to every presently known application and 
includes comparative data on the better known 
separation equipment available. If you use or 
contemplate adoption of Heavy Media, a copy of 
this bulletin should be of real value to you and 


your operating and consulting staff. 


COLORADO IRON WORKS COMPANY 


1622 17TH STREET DENVER 2, COLORADO 


Please send me without obligation your new Bulletin No. 49. 


REPRESENTATIVES NAME 


Canadian Locomotive Co. Ltd, Kingston, Ont. Can., 

Licensed Manufacturer—Head, Wrightson & Ltd, TITLE 
Stockton on Tees, Eng. Licensed Manufacturer—John 
Carruthers & Co. (Pty) Ltd. Sydney, Aus. Licensed 
Manufacturer—Head, Wrightson & Co. S [Pty 
Ltd Johannesburg, Licensed Manufacturer—Edw. J. 
Nell Co. Manila, Sales Agents—Wright Bros., ADORESS 
Credit Foncier Bidg.. Vancouver, British Columbia, 

Sales Agents. 


COMPANY 
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Hendrick 


Authors 


| H. F. Yancey (P. 1057) has been 


PERFORATED 


Perforated Meta! Screens 


Mitco Open Stee! Flooring, 


METAL 
PLATE 
on a 


gyrating screen 


This popular heavy-duty sealping unit is 
equipped with a 5’ x 14 Hendrick metal plate 
with square perforations. 


Hendrick Perforated Plate can be supplied 
either flat or corrugated, with any desired 
shape and size of perforation, in tank, high 
carbon, high tensile, and abrasion-resisting 
steels, and in other commercially rolled 
metals. 


It maintains uniformity of mesh through. | 
Its full 


clearance obviates clogging, and the ease with | 


out an unusually long service life. 


which decks can be changed minimizes labor 
costs. Write for detailed information. 


Manufacturing Company 
44 DUNDAFF STREET, CARBONDALE, PA. 
Sales Offices in Principal Cities 


Perforated Metals 


Architectural Grilles 


*"Shur-Site’’ Treads and 
Armorgrids 


Coming off the Presses Soon... 
Coal Preparation 


Edited by David R. Mitchell 


This noted volume, prepared 


by an eleven man_ editorial 


board under the direction of 
Howard N. Eavenson, has been 
completely revised, with technol- 
ogy and data brought up to date. 
Over 23 chapters on all aspects 
of coal preparation. 


Order your copy now! 


Members price 


29 W. 39th Street 
New York 18, N. Y. 


Nonmember price 8.00 
plus 50¢ for overseas postage 


Please send me 


copies of COAL PREPARATION. 


| enclose check money order for $ 
Name 

Address 

City & Zone 
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| with the Pittsburgh Testing Lab- 
oratories, and with the Bureau of 


Mines at Golden, Pittsburgh, Ur- 
bana, and Seattle. He headed the 
solid fuels mission to Germany in 
1945, later was with SCAP in Japan, 
and this year attended the Inter- 
national Coal Conference in Paris. 
He has presented more than 15 
papers before the Institute, on coal 
preparation and other phases of 
coal technology. Dr. Yancey at- 
tended the University of Missouri 
and the University of Illinois for 
his Ph.D. He now lives in Seattle, 
where he is supervising engineer 
for the Bureau of Mines. 


F. S. Turneaure (P. 1071) associate 
professor at the University of 
Michigan, has been chief geologist 
for Patino in Bolivia, spent four 
years as a geologist with the Oliver 
Iron Mining Co., and five years as 


| a consulting geologist with M. 


Hochschild, S.A.M.I. in La Paz, 
Bolivia. He lectured at Harvard in 
the summer of 1946, and has held 


| his present post since 1947. 


Olaf Hondrum (P. 1027) was born 
in Norway, attended high school in 
Bemidji, Minn., and took his E. M. 
from the University of Minnesota 
in 1913. Since then he has worked 
for Cananea Consolidated as en- 
gineer and chief engineer, for 
United Verde as assistant superin- 
tendent and superintendent, and 
during World War II was assistant 
general superintendent for the 
General Chemical Co. He now lives 
in Bagdad, Ariz., where he’s mine 
superintendent for the Bagdad 


| Copper Corp. 


| S. F. Ravitz (P. 1044), professor of 


metallurgy at the University of 
California in Berkeley, took his 
B.A. and M.A. at the University of 
Utah, and his Ph.D at the Califor- 
nia Institute of Technology. He 
has headed the department of 
metallurgy and been director at 
the Utah Engineering Experiment 
Station, at the University of Utah, 
headed the metallurgical labora- 
tories section at the Intermoun- 
tain Experiment Station in Salt 


| Lake City, and, since March of this 


year, has been at Berkeley. 


R. H. Eckhouse (P. 1057) assistant to 
chief metallurgist for the South- 
western Engineering Corp. in Los 
Angeles, has been assistant test en- 
gineer for Phelps Dodge at Morenci, 
and a research fellow at the Uni- 
versity of Washington. He attended 
Lawrence Institute of Technology, 
Western Mich. College of Education, 
Mich. College of Mining and Tech- 
nology, and the University of Wash- 
ington, and holds B. S. and M. S. 
degrees. 


F. S. Turneaure 


O. Hondrum 


S. F. Ravitz 
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thrifty Eimcos 


Tunnels for Scotland’s new hydroelectric projects are 
loaded out with Eimco RockerShovels. The Scots, known 
for their thriftiness have chosen Eimco equipment be- 
cause it is the most economical in loading. Eimce s+ are 
not only lower in maintenance costs (per ton loaded)— 
they're lower in air consumption. 


Eimco’s are safer to operate too. Every machine has 
15 different safety features, built in, to protect the 
operator from injury on the job. 


Write for more information—the Scots say “Ya canna 
beat an Eimco.” 


Model 21 RockerShovel 
loads 2 to 3 tons per minute 


As 


THE EIMCO CORPORATION | 
The World s Lorgest Manutacturers of Underground Rock Looding Machines 
EXECUTIVE OFFICES AND FACTORIES LAKE CY 


Are) 


ie Scots use 
4 
vA 
| 
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These 
NI-HARD 


Ground 973,617 Tons of Nickel-Copper Ore 
at Copper Cliff Concentrator in 27,553 Hours 


Notice, in the left foreground, that some of the liners 
are removed to show how their companions have been 
worn almost to the shell, from an original thickness of 
inches, 


Dept. ME, 67 Wall St., New York 5, N. Y. 
Please send me free booklets entitled: 


“ENGINEERING PROPERTIES AND APPLICATIONS OF 
NI-HARD” and “BUYERS GUIDE FOR NI-HARD CASTINGS” 


Name 


Company 
Address, 
City. 


This set of Ni-Hard* liners, weighing 52,605 Ibs. 
remained on the job, day in and day out, from Novem- 
ber 3rd 1945 until July 27th 1949, first grinding 
223,763 tons in rod mill service and then 749,854 tons 
in ball mill service. The weight of the scrap liners was 
7365 pounds, 14% of the original weight. 


The best life obtained from manganese steel liners 
in this service is 375,690 tons, giving Ni-Hard a supe- 
riority ratio of 2.6:1. 


Investigate all the advantages offered you by the 
outstanding abrasion resistance of Ni-Hard castings, 
available from coast to coast. Send for the free book- 
lets...mail the coupon now. *Reg. U.S. Pat, Of. 


THE INTERNATIONAL NICKEL COMPANY, INC. wew'vore's.n1. 
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Mining Engineering RE PORTER 


* As part of $850,000 granted by the House Appropriations Committee for 
development of manganese in the U.S., the Bureau of Mines will build a pilot 
plant at Artillery Peak, Ariz., for development of low grade manganese ores. 


* The historic Argo tunnel and mill in Idaho Springs, Colo., will reopen shortly 
for the mining of uranium. The Uranium Co. of America has acquired control of 
the tunnel and mill and 12 nearby mining properties. J. H. Rodgers and G. C. 
Ridland will manage the operation. 


* The opening of a new 4000-ton per day coal mine in Washington Co., Pa., and 
the reopening of another mine of the same capacity in Fayette Co. has been 
announced by the H. C. Frick Coke Co. They'll help meet added war demands. 


* A 7000 bbl per day commercial synthetic liquid fuel plant, making gasoline 
from natural gas at Brownsville, Texas is being operated by the Carthage Hydro- 


col Corp., 8 Texaco subsidiary. The gasoline is produced by the Hydrocol pro- 
cess, chemically similar to the Fischer Tropsch process, but differing mechan- 
ically in several ways. To operate the process it has been necessary to build 
an oxygen plant producing 95 pct pure oxygen in quantities equal to U. S. pro- 
duction of commercial oxygen in 1946. 


* Over 96 pet of the class of 1950 at Montana School of Mines are now employed, 
in industry, and they're scattered from MIT to the island of Cube. 


* Cobalt, heretofore almost entirely imported, will soon be produced in Idaho. 
The Calera Mining Co. is building ea 600-ton mill in which a cobalt and copper 
concentrate will be obtained from Idaho ores. 


* Plans for mining iron ore on the Conarky Peninsule in French Guinea, (an 

ECA project) call for equipment purchases as follows: 8 wagon drills, electric 
shovel for mining, conveyor for the port, 8 trucks, wrecker, 2 tractors, as 
well as miscellaneous accessories and spare parts. 


* A low-grade lead-zinc mineralization, located east of any known ore bodies 
in Utah's East Tintic district, has been located by e 2000-ft wildcat USGS 
drill hole. 


* Higher-than-going rates have been authorized by the Munitions Board for its 
stockpile program, where domestic production of scarce materials is low or un- 
economical. Payment in excess of 25 pct over the foreign price is now permitted. 


* A new self-centering conveyor roll, developed by Carnegie-Illinois Steel, is 
expected to revolutionize materials handling. It completely eliminates the 
necessity for sideguides to keep materials on a conveyor. See P. 1028. 


* Great Britain's socialized coal industry employs twice as many miners, but 
produces less than half as much coal as America's coal industry. Last year, 
British mines produced 28 million fewer tons of coal than the output of the same 
mines in 1959. Absenteeism amounted to a big 12 pet of working time. 


* Labor market conditions have tightened on almost ea country-wide scale. Only 
4 out of 143 major labor market arcas have a substantial surplus -- less than 
half the total for May. Growing scarcities of skilled labor are in evidence, 
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OUTSTANDING 
ADVANTA 


| GREATER CAPACITY 
Up to 100% greater sand raking capacity, because the 
advanced pitch design provides for removal of greater 
quantities of settled sands, hence pool settling capacity 
is increased. 


2 SHARPER SEPARATION 


Sands are free of fines and overflow is free of sands, 
because greater raking capacity results in larger effective 
pool orea. Since spiral speed is not increased, undesir- 
able agitction of pool is prevented and maxin.um settling 
difference between fine and coarse particles is assured. 


3 EASIER OPERATION 


Simple hydraulic lifting device with remote control pro- 
vides easy, foolproof operation, gives complete protec- 
tion against clogging or jamming. Efficient drive and 
fully protected bearings are easy to maintain, assure 
dependable. continuous operation. 


§ REDUCED OPERATING COSTS 


Less shutdown time results because the sturdy tubular 
shaft is up to 50% larger than other machines of the same 
capacity; flight arms are correspondingly shorter and 
stronger. Since lineal length of spiral is 25% shorter, 
replacement costs of wearing shoes per ton of ore milled 
are 25% less. 


Write today for descriptive Bulletin No. C-1-S-1. 


PRINCIPAL OFFICES 
San Francisco + Sacramento + Salt Lake City + Spokane 
Pocatello, Idaho Denver + Phoenix + Tucson Chicago 
Hibbing, Minnesota + Bartow, Florida * New York 


EXPORT DISTRIBUTORS 
The Ore and Chemical Co. 
80 Brood Street + New York 4,N.Y. 760-766 FOLSOM TREET » S.N FRANCISCO 7, CALIFORNIA 
Dr ing Herbert Lickfett, A B, Stockholm 3, Sweden 
SEM U Pars. France 
Ferdinand Eqeberg & Com Oslo, Norw: 
ae WKE (HMS) Mobil-Mill « Coal Spiral » Standard Thickeners 
(HMS) Thickeners » (HMS) Media Pumps + Hydroseparators 
Philippine Industrial Equipment Co., Monilo, Philippines Sand Pumps + Conditioners and Agitators + Fagergren Flota- 
Fraser & Chalmers A) itd, Johonnesburg, South Africae tion Machines Dewatering Spirals (HMS) Laboratory Units 
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Taking the Long View 


HE present international situation has serious implications for this 

nation. The possibility of total war is no more appalling than the threat 
of making the United States permanently into an armed camp. A period of 
ten years under such conditions could mean a Communist victory without 
firing a shot—if the present trend toward statism is allowed to continue. 

As individual citizens and as members of the mining profession we have 
the power to oppose the march toward socialism. We must not adopt short- 
sighted policies dictated by self-interest, but must endeavor to size up the 
situation as a whole and act according to what will be best in the national 
interest. 

The economic picture for the metal mining industry under present emer- 
gency conditions is apparently bright. Demand for metals exceeds supply. 
But there is danger that fluctuating prices will bring Government regula- 
tion. Care must be exercised in our pricing policies, or the calamity of Gov- 
ernment intervention will be inevitable. 

President Truman’s “loophole” reference to percentage depletion early in 
the year caused a brief flurry of excitement, but now that the immediate 
threat is over the industry has lapsed into sommolence on this subject. Spe- 
cial tax privileges accorded the mining industry because of inherent risks 
should be guarded by a continuing propaganda campaign to educate Con- 
gress and the public. If this is not done we may find ourselves losing the 
necessary tax protection which we now possess by a capricious act of legis- 
lation. 

Stockpiling minerals from abroad certainly lengthens the life of our own 
mineral resources. The present consumer demand for the base metals indi- 
cates foreign sources of supply for stockpiling. However, this is only one 
facet of the problem. For strategic military reasons it is necessary that the 
United States have quick sources of all minerals within our national boun- 
daries. Undeveloped mineral deposits do not meet this need so that where 
it is possible to encourage our own mineral development by stockpile pur- 
chases, it should be done. A need exists for an overall controlling agency 
that would make purchases for the stockpile according to military neces- 
sity, current metal market conditions, and so as to strengthen the mining 
industry. 

In the course of the history of the United States we have been engulfed 
in several wars by the necessity of protecting our economic rights abroad— 
trading privileges—and also because of moral obligations. Disregarding the 
moral side, it is difficult to reconcile fighting wars to protect world freedom 
of trade when in peacetime we attempt to restrain such trade by tariff 
barriers. 

When it comes to accepting subsidies from the Government in one form 
or another it is difficult to overlook the immediate personal gains and see 
in the future that where the Government lays out capital it becomes a part- 
ner in the business and not a silent one. 

It is apparent that hope for the traditional American way of life cannot 
be bought without some self-sacrifice; and we cannot wait for the other 
fellow to start it because it is the responsibility of each individual citizen. 
By taking the long view our course should be apparent and not diverge 
sharply from our own personal benefit. 
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‘Over Twenty-Five Years’ Experience in Producing 


an Xanthates for Metallurgical Use.” 


Time and experience have demon- 


Z-3—Potassium Ethyl strated that for optimum results in the 
Xanthate 
Z-4—Sodium Ethyl Xanthate flotation treatment of substantially 
BEAR BRAND Z-5—Potassium Amy! 
Xanthate* 
XANTHATES Z4—Potassium Pentasol 
Amy! Xanthate* 
AVAILABLE 
Z-8—Potassium Sec.-Butyl native metals, Bear Brand Xanthates 
Xanthate 
Z-9—Potassium lsopropy! are the cheapest and most efficient 
Xanthate 
*From Shorples Amy! Alcohols collectors now available. 


all sulphide ores, as well as some 


oxidized ores and ores containing 


Great Western Division 
THE DOW CHEMICAL COMPANY 
San Francisco 4, Calif., U.S.A. 
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It's Everyone's Business 


Republic, Armco, Buy Reserve Mining Co., Plan $60 million Taconite Plant 


EPUBLIC STEEL CORP. and Armco Stee! Corp. have joined 

in @ $160,000,000 project for the production of iron ore from 
Taconite in the Lake Superior mining region. The two companies 
announced acquisition in equal shares of 100 pct ownership of the 
stock of Reserve Mining Co., which controls a vast deposit of 
magnetic Taconite iron ore on the eastern end of the Mesabi 
range in Minnesota. 

Through Reserve Mining the two companies will build a plant 
for manufacturing high grade ore from Taconite near Beaver Bay 
on the north shore of Lake Superior. The first announcement calls 
for about a $60,000,000 plant which will be built as soon as plans 
are completed and will have an annual capacity of about 2,500,000 
tons of iron ore pellets. Longer range development plans call for 
future expansion of the plant to provide an annual capacity of 
10,000,000 tons. This will amount to an additional investment of 


American Mining Congress Convention 


GENERAL attitude apparent at the recent Amer- 

ican Mining Congress Convention in Salt Lake 
City was a revitalized spirit among representatives 
of the mining industry. Undoubtedly this healthy 
feeling is due to the anticipated strategic role the 
domestic mining industry will be asked to play in 
plans for mobilization. Certainly a new spirit is 
highly desirable if the industry is to shake off the 
restricting bonds of pessimism which were fashioned 
by developments in the recent postwar years. 

It is to be hoped that the rising tide of optimism 
will aid in mitigating disunity among the various 
segments of the industry. Lack of unity is a primary 
reason for the failure of the mining industry to pre- 
sent adequately its case before the nation to the end 
that the industry may command more attention in 
the national economic picture. In order to become a 
potent economic and political force each group rep- 
resenting certain related metals or minerals should 
aid other groups. 


A spirit of cooperation was no better exemplified 
than at an informal meeting of the secretaries of 
various mining associations on August 27 just prior 
to the convention. It was the consensus of that 
group that each mining association needs the aid of 
others because in most if not all states the mining 
industry is in the minority. At this meeting most 
were agreed that the mining industry is in need of a 
large public relations organization to reach the gen- 
eral public. 

Congressman Carl T. Durham (N.C.), Chairman 
of the House Armed Services Subcommittee on Stock- 
piling, told attendants at the convention in a speech 
on August 29, that in the long run it is probably 
sounder policy to acquire cheaper metals and min- 
erals for the stockpile from abroad, notwithstanding 
the fact that development of domestic deposits suf- 
fers. He stated that the “more we get from abroad 
now, the longer we defer exhaustion of our own 
supplies in the ground.” On the other hand, Con- 
gressman Durham emphasized that the short run 
point of view dictates that “it is essential that we 
develop and preserve enough minerals producing ca- 
pacity to provide us with the materials we need for 
national defense and to discharge our responsibili- 
ties as a leading member of the United Nations.” He 
said that “Our policy of buying cheaper from outside 
the United States may turn out to be the most ex- 
pensive mistake in our history.” 


$100,000.000, the company said. Financing and actual production 
plans were not disclosed. An organization meeting of Reserve 
Mining under the new ownership is planned for next month, when 
financing and other operating details will be worked out 

Armco had held one third interest in Reserve Mining with 
Wheeling Stee! Corp. holding one third and the remainder being 
held by Cleveland-Cliffs Iron Co. and Montreal Mining Co. Re- 
public Stee! has now acquired the former holdings of Cleveland 
Cliffs and Montreal Mining and half the interest of Wheeling. 
Armco has acquired the other one half of Wheeling Stee! hold- 
ings—thus, each of the companies holds a half interest in the new 
Reserve Mining Co. structure. Oglebay Norton & Co. of Cleve- 
and, who has managed Reserve Mining properties, will continue 
n that capacity 


Discussions on strategic metals and minerals led to 
the conclusion that there are large low-grade de- 
posits of manganese, chrome, tungsten, molybdenum 
and others in this country which could be utilized 
in an emergency with some form of price support, 
liberalized specifications in some cases and financial 
help where most needed. Most strategic metals pro- 
duced domestically cannot normally compete with 
foreign supplies. 


National Minerals Advisory Council 


At a meeting of the National Minerals Advisory 
Council on September 1 at Salt Lake City the seven 
Commodity Committees submitted reports on the 
various metals and minerals. Contents of the re- 
ports covered production estimates in the years im- 
mediately ahead, steel requirements, estimates of 
military, civilian and stockpile requirements, trans- 
portation problems, etc., and recommendations of 
methods and procedures to be followed which, in 
the opinion of industry experts, will achieve the de- 
sired results in preparing for adequate defense. 

The Council adopted a resolution on the manpower 
problem and made recommendations as follows: “BE 
IT RESOLVED that (1) the Council recommends 
that the manpower policies of the Government, with 
respect to the draft, the activating of reserves and 
National Guards, and in other respects, should be 
framed in the light of the need for minerals * * * 
and (2) specifically, the Council recommends that 
the list of critical occupations, issued by the Secre- 
tary of Labor on August 3, 1950, for the guidance of 
the Department of Defense in expanding the Armed 
Forces, should be amended to include miners and 
other skilled operating, supervising and management 
personnel in the mining and metallurgical indus- 
tries.” 

Council recommendations at the August 3 meeting 
have had some effect. At that meeting the Council 
adopted a resolution on the manpower problem 
somewhat more general than the one above (see 
September issue) and the Dept. of the Interior im- 
mediately assigned a staff to work on the problem. 
At the same meeting the Council urged that Section 
209 of the tax bill (H.R. 8920) relating to abandon- 
ment of capital assets and certain property used in 
the trade or business be stricken from the bill. The 
Dept. of the Interior subsequently sent a letter to 
the Secretary of the Treasury favoring the deletion 
of this provision. Section 209 has been stricken from 
the tax bill. 
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The Pattern of 


ECA 


in Mineral Affairs 


By C. H. Burgess 


N June 5, 1947, Secretary of State George C. 
Marshall in a speech at Harvard University 
outlined a plan for the economic recovery of Eu- 
rope. The plan contemplated that the United 
States should provide assistance which would en- 
able the European nations better to help them- 
selves and to help each other to reconstitute 
from their war-torn lands conditions which would 
make possible decent standards of living. 
The Foreign Assistance Act of 1948 was passed 
in April of that year, and established the Eco- 


Mr. Burgess is Director, Strategic Materials Divi- 
sion, Economic Cooperation Administration, 
Washington, D. C. 


nomic Cooperation Administration and set United 
States policy on the aid program. Since the pas- 
sage of the Act, economic recovery in Europe has 
made remarkable progress. The total output of 
goods and services in 1949 was 25 pct above that 
of 1947, and exceeded even the pre-war level; the 
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<—4 French coal miners studying a new shaker conveyor purchased 


with ECA funds. 


expansion is continuing and a further increase 
of about 10 pct should be possible by June 30, 
1952, when ECA comes to an end. Both in indus- 
try and agriculture recovery has gone much 
faster and farther than in the four years after 
the first World War. In anticipation of the time 
when the ECA assistance will no longer be forth- 
coming the Marshall Plan countries are striving 
to improve their dollar position by increasing 
their exports to the United States and by reduc- 
ing their imports from the United States. 

The Economic Cooperation Administration is a 
financing agency. Its funds are not given away 
to business men or farmers or other individuals 
who need dollars for purchases, but are made 
available only to the governments of the receiv- 
ing nations. I would like to give a hypothetical 
case which demonstrates how the scheme works. 
Let us assume that a French farmer wants to 
buy a tractor of American manufacture which 
costs $2,000, and let us assume further that the 
tractor is one of the items which both the French 
Government and ECA have determined to be 
suitable objects of Marshall Plan financing. The 
farmer then deposits with the French Govern- 
ment a sum of francs equivalent in value to the 
$2,000 price of the tractor, and ECA provides the 
dollars which the United States manufacturer of 
the tractor receives. The francs, which are the 
counterpart in value of the dollars granted France 
by ECA, are held in two special accounts in 
France. One of these accounts contains 95 pct 
of the franc equivalent of the $2000. This 95 pct 
counterpart fund belongs to the French Govern- 
ment, and may be used for debt retirement, pub- 
lic works, or loans to private firms, but these 
funds can be spent by the French Government 
only with specific approval of the Economic Co- 
operation Administration. The remaining 5 pct 
of the franc counterpart of the $2000 is deposited 
in a second special account, and belongs to the 
United States Government. It can be used only 
for the administrative expenditures of the United 
States Government, such as rentals of Embassy 
buildings and various services in France, and for 
the development and acquisition of strategic ma- 
terials originating in France or marketed there. 

Several aspects of the Economic Cooperation 
Administration hold special interest for the min- 
ing industry. You may not be fully aware that 
from April, 1948 to July, 1950 purchases with 
Marshall Plan funds were authorized for a 
monthly average quantity of 24,000 long tons of 
copper and copper products; for 5,100 tons of lead 
and lead base alloys; for 9,350 tons of zinc and its 
alloys; and 13,500 tons of aluminum. The total of 
non-ferrous metals and products whose purchase 
has been authorized in this period comes to 
1,425,000 tons having a value of $576,215,000. In 
the same period the purchase of non-ferrous ores 
and concentrates worth $107,134,000 has been 
authorized, and machinery and vehicles valued at 
$1,552,900,000. 

A desire to get something back in return for 
Marshall Plan aid, plus the awareness of the ac- 
celerated wartime depletion of United States 
mineral resources, a subject which had received 
widespread public notice, caused the Congress 
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to include in the original legislation specific pro- 
visions concerning acquisition of strategic mate- 
rials for stockpiling in the United States. 

The scope of the Act is broader than the stock- 
piling concept, referring to “materials which are 
required by the United States as a result of de- 
ficiencies or potential deficiencies in its own re- 
sources,” and it expresses the intention to assist 
American industry in obtaining foreign supplies 
of these materials. ECA is charged with respon- 
sibility to promote their production. 

The activity of the Economic Cooperation Ad- 
ministration with respect to strategic materials 
has proceeded along two courses. One is the ac- 
quisition by purchase with the 5 pct counterpart 
funds whose derivation has been explained ear- 
lier. In most cases these acquisitions have been 
made as spot purchases at current market prices. 
The commodities which have been obtained in- 
clude rubber, sisal, diamonds, bauxite, palm oil, 
and other commodities, which, as they are des- 
tined for the stockpile, must meet the Munitions 
Board specifications. 

Although the 5 pct counterpart funds which 
have accrued from the inception of ECA to June 
30, 1950 total the equivalent of about $272,600,000 
the equivalent of only $61,370,000 have been em- 
ployed in purchases of strategic materials to 
September, 1950. Inability to utilize these funds 
more fully is accounted for by several factors. 
One is that in the case of some countries such as 
Greece, Italy and Austria very large sums of 5 
pet counterpart funds have accumulated but the 
countries are so poor in natural resources that 
they have no strategic materials surplus to their 
own needs. The opposite extreme is best exem- 
plified in the case of Belgium where there have 
been virtually no 5 pct counterpart funds with 
which to purchase strategic materials although 
the Belgian Congo is a producer of large sur- 
pluses of these materials. (The reason why these 
funds have not been larger in Belgium is that 
Belgium has for the most part received loans 
rather than grants, and the counterpart funds 
accrue only in the case of the grants.) An addi- 
tional factor has been that in the occupied coun- 
tries on the continent industrial stocks were al- 
most completely exhausted during the German 
occupation. 

The second major type of ECA activity in the 
field of strategic materials consists of financing 
projects designed to explore for, develop, or pro- 
duce strategic materials. The sums obligated for 
these projects to September, 1950, total $17,903,- 
000 plus the equivalent in the 5 pct counterpart 
funds of $18,049,000, or a total of $35,952,000. Al- 
though one of the survey projects is being car- 
ried out by the foreign government, all the others 
are carried out by private operators. You may 
have seen notices of several undertakings on 
which contracts have been executed within re- 
cent months. One consists of an advance of 
$3,600,000 plus francs from the 5 pct counterpart 
funds equivalent to $4,000,000 for the purchase 
of mining and milling equipment to be installed 
at a lead-zinc mine in French Morocco. This 
money will be repaid with simple interest at 4 
pet in lead and zine which will be delivered to 
the United States stockpile. The recipient of the 
funds will be credited for the metal delivered at 
the New York market price current at the time 


of delivery after deducting United States import 
duty, ocean freight and insurance. Thus the 
United States will receive full return for the dol- 
lars and the francs it advances. The contract also 
provides that the Federal Supply Service, which 
is the chief procurement agency for the United 
States stockpile, will have an option to purchase 
a fixed percentage of the output of this property 
over a term of years following the re-payment of 
the ECA advance. The increased output which 
will result from the installations which are being 
financed in part by ECA and in part by the pri- 
vate owners of the property will enable France 
to become nearly self-sufficient with respect to 
lead and zinc. 

A second contract concerns the supplying by 
ECA of both doliars and pounds sterling to pur- 
chase bauxite mining, drying and loading equip- 
ment to be installed by a United States mining 
company on its property in Jamaica. In this in- 
stance repayment to the United States of prin- 
cipal and interest will take the form of aluminum 
metal of stockpiling grade. For the purpose of 
crediting the company the metal will be accepted 
at the New York price prevailing at the time of 
delivery. This installation will have great stra- 
tegic significance in utilizing a source of bauxite 
1500 miles closer to the United States mainland 
than the sources in the Guianas. 

A third contract which has been executed re- 
cently departs from the two described above in 
being an advance to a government instead of to 
a private party. In this case the Government of 
Sweden may draw up to $350,000 for the acquisi- 
tion of equipment of United States manufacture 
for the expunsion of output of lead-zinc mines 
more than 1000 years old. In this case the funds 
will bear interest at 2% pct instead of 4 pct, the 
lower rate being granted because the repayment 
is guaranteed by a government instead of by a 
private firm. In this case repayment may be made 
in dollars rather than metal if Sweden requires 
the metal for its own use at the time the install- 
ments of repayment fall due. 

In the cases above cited which are described 
as advances against production the parties op- 
erating the mines have already made substantial 
capital investments and will continue to do so in 
these programs. The repayment of the ECA 
funds will proceed according to a negotiated 
schedule, with the recipient having the right to 
pay back at an accelerated rate. 

Perhaps the most striking feature of our ex- 
perience with respect to the development proj- 
ects has been the apparent lack of interest on 
the part of American mining interests to seek 
ECA assistance. Some of the reasons appear to 
be fear of political instability, nationalization of 
industry, and excessive governmental interfer- 
ence in the country or territory where the ven- 
ture would be conducted; paucity of good pros- 
pects and mines and poor transportation; adverse 
provisions of the United States income tax rules; 
the belief that coping with ECA red tape is not 
worth the candle; and lack of assurance of a 
market for a large portion of the prospective new 
production over the period of amortization. I 
should like to take this occasion to inform you of 
our willingness to consider applications for ECA 
participation in the exploration or development 
of new properties. 
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Techniques for 


Pitch Mining 


Anthracite 


by Garfield A. Schnee 


A Pennsylvania Anthracite Section Contribution 


ACHINERY has not taken the place of man- 

ual labor in steep pitch coal in the anthra- 
cite field and there is a shortage of miners expe- 
rienced in this type of work. To overcome these 
difficulties several coal companies have resorted 
to different types of mining such as the diamond 
or zig-zag method, the slant method, long hole 
drilling, and several other variations. 

For the past 5 years the diamond shape method 
has been used extensively in the heavy pitching 
beds of both the Knickerbocker and Yatesville 
basins at Knickerbocker colliery of the Philadel- 
phia & Reading Coal & Iron Co. 

In this method of mining, development is made 
from a gangway in or underneath the vein. From 
the gangway, chutes or rock holes are driven on 
60-ft centers and are connected by a slant mon- 
key airway. Slant chutes are then driven from 
the monkey airway along the bottom slate on 
30° across the pitch for a distance of 60 ft. After 
dropping back 2 sets from the face, another slant 
is started above the top of the timber and driven 


Mr. Schnee, an AIME member, is division super- 
intendent, Philadelphia & Reading Coal & Iron 
Co., Ashland, Pa. This paper was presented be- 
fore the Anthracite Chapter meeting on April 28. 


in the opposite direction along the bottom slate 
on 30° for a distance of 60 ft. This method of 
development is continued until the zig-zag slant 
chutes are driven to their upper limits. 

When mining in virgin coal, the slant chutes 
driven from the adjacent chutes or rock holes 
intercept at the apex of the diamond shaped 
pillar. This method is also applied in recovering 
pillars in areas which have been first mined. The 
length of each slant has to be modified and the 
reverse in direction made when the slant holes 
into the rib of the breast. 
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The diamond shape method, used for 5 years at Philadelphia & 
Reading's Knickerbocker colliery, has 14 pct greater recovery than 
conventional methods. 


Timbering in the slants is done with two piece 
post and bar sets of 7 or 8-in. timber and a cen- 
ter prop is used to split the slant into a chute 
and manway. Sheet iron is placed on the bottom 
of the chute section which is along the bottom 
Slate and ventilation is carried in the manway 
section. Air batteries, with regulators, are in- 
Stalled at the apex of the slants. 

In the second mining, one half of the diamond 
shaped pillar becomes tributary to each slant 
off each working place. The slant is robbed in 
two or three sections. Holes of various lengths 
up to a maximum of 45 ft are drilled in the pillar 
parallel to the bottom slate of the vein and each 
section is brought back 20 to 25 ft. If the vein is 
thick, a back hole is driven to the top slate and 
additional long holes are drilled in the top coal. 
Sometimes, in order to keep the drill holes to a 
maximum of 45 ft, it is necessary to drive nar- 
row width holes up the pitch a short distance 
off the slant from where holes are then drilled 
to blow the top coal. 

All holes are drilled with an air driven twist 
steel drill equipped with 214-in. fish tail bits. The 
holes are charged with 114-in. coal powder and a 
delay detonator placed in the center of the 
charge. In each hole Primacord is also placed 
along the entire length. The holes are fired by 
electricity and the charge detonates the Prima- 
cord which in turn detonates any powder which 
may not have gone off in the initial blast. 

From accurate records, this system of mining 
has a recovery of 14 pct greater than from an 
area in the same vein where the conventional 
breast and pillar method of mining was done. 


Slant Chute Method—Germantown Mine 

The slant chute method of mining has proved 
to be the most satisfactory of the various meth- 
ods which have been used in mining the Mam- 
moth vein at Germantown mine of the Raven 
Run Coal Co. The method used is similar in 
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many respects to the one used at the Newkirk 
colliery of Philadelphia & Reading. 

The vein is approximately 25 ft thick with a 
Slate top and bottom. It is gaseous and has a 
pitch which varies from 45 to 80°. 

The vein is developed by means of an 8x11 ft 
rock gangway or Skidmore vein gangway with 
5x9 ft rock holes approximately 25 ft long on 45° 
pitch. Rock holes are on 60-ft centers where the 
coal is very hard and on 70-ft centers where the 
coal is slippy. 

A manway, chute and battery is constructed in 
the rock hole and a 5x9 ft back chute on 30° is 
driven through the vein to the top rock. Main 
air headings 5x6 ft are then driven east and west 
along the top rock to connect with the back 
chutes from adjoining rock holes. Booster fans 
and ventube are used to provide air in the main 
headings until they are connected and positive 
ventilation established. 

A 6x10 ft slant chute on 35° pitch is then 
started up along the bottom slate and advanced 
40 ft in the direction in which the gangway is 
being driven where it is met by a cross-heading 
which has been driven from the main airway. 
Double 6-in timber on 5-ft centers is used in the 
main air headings and the slant chutes with a 
center prop in the slant to divide them into a 
chute and manway. 

The air current is directed through the cross- 
heading and up the manway of the slant to a 
point where it is turned into the coal chute by 
means of a stopping. From this point it travels 
up the coal chute to the face, then down the 
manway to the cross-heading and up through 
the cross-heading to the next slant. Cross-head- 
ings are driven on 50-ft centers. 

After the slant chute has reached its limit, a 
back hole is driven to the top rock and robbing 
is started. The pillar between the slants which 
is 36 ft, is removed by retreating 25 ft at a time 
down the slant chute. Progress of the robbing is 
controlled so that the miners in the overlying 
chute are not endangered by those working un- 
derneath which also insures a uniform retreat 
of the robbing face. Engineers check the pitch 
of the slant chutes, keep the surveys close to the 
face and construct cross-sections through the 
pillar at each cross-heading to guard against one 
chute being driven into another. 

Germantown mine officials favor this method 
of mining because the light pitch of the chutes 


The slant chute method as 
used at the Germantown 
mine of the Raven Run 
Coal Co. The 35 pitch of 
the chute has made min- 
ing less hazardous. 


Uy 
Va 
SAN 


makes the mining less hazardous and the work 
much easier. Also, less experienced men are re- 
quired and older miners who can no longer work 
on heavy pitch may be used. Further, there is 
less breakage in the coal running down the 
chutes; lower costs in chute repairs; bad bottom 
or rushes of rock in the open cut can be con- 
trolled and from actual records, the cars per 
man-day have increased over the pitch method. 


Slant Chute Method—Newkirk Colliery 


The slant chute method of mining heavy pitch- 
ing veins at Newkirk colliery of Philadelphia & 
Reading is similar in many respects to that used 
at the Germantown mine. The veins are on 75 
to 85° pitch and are 8 to 10 ft thick. 

Development is made by either a gangway in 
the vein with chutes on 60-ft centers or by rock 
gangway with rock holes on 60-ft centers. The 
airway is driven on the strike of the seam at the 
top of the rock holes or coal chutes. Slant chutes 
are then driven on 45° across the pitch with 
headings at right angles on 60-ft centers. Tim- 
bering is done with post and bar sets with a cen- 
ter prop to split the slant into a chute and man- 
way. Sets consist of a 7-ft bar and a 7-ft post 
with an 8-ft spread at the bottom. 

After the slants have been driven to their limit 
or holed into the level above, the mining of the 
pillars is started. A chute battery is erected 
across the slant at approximately 25 to 30 ft be- 
low the face depending upon the quality of the 
coal, the character of the top and bottom slate, 
and the thickness of the seam. Narrow panels 
and short lifts or skips off the slant chutes favor 
the coal recovery and reduce the dilution. 

After the first 30 ft have been mined, another 
battery is erected 25 to 30 ft below the first bat- 
tery and the same procedure in mining is re- 
peated until all of the coal has been mined to 
the air heading. 

Two miners have produced 54 150-cu ft cars by 
this method in one shift of 7 hr and approxi- 
mately 80 pct of the vein has been recovered. 


Long Drill Holes 


The use of long drill holes is becoming increas- 
ingly popular in studies for different types of 
pitch mining. One of the major objections to the 
long holes was the inability to control the drift 
of the holes. This presented the danger of a hole 
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blowing into an opening where there may have 
been an accumulation of gas. Another objection 
was the possibility of some of the powder burn- 
ing in a hole and causing fire. While these objec- 
tions still remain, present day improvements in 
drill equipment with more rigid rod connections 
have somewhat reduced the amount of drift in a 
hole, also, the use of Primacord for the full length 
of the hole as explained previously under the dia- 
mond shape method has lessened the possibility 
of burning powder. 


Experimental Blasthole Mining 


Interest in long hole methods has been revived 
at the Lehigh Navigation Coal Co. and as a re- 
sult, an experimental section has been set aside 
and drilling equipment procured to conduct fur- 
ther development work on the use of long holes 
for mining anthracite. However, no definite con- 
clusions can be herein presented. 

Many plans for utilizing long holes to mine the 
vein in the experimental section were prepared. 
In general, the plan provides for the driving of 
an initial opening in the vein to cut the coal 
from the bottom slate to the top slate and to ex- 
tend up the pitch to the gob above. Only suf- 
ficient coal is to be drawn from the initial open- 
ing to provide for the expansion of the material 
when it is blasted. Drilling will then be done in 
a vertical plane along the rib of the initial open- 
ing so that the holes can be charged and blasted 
to slab off or break the rib. Drawing of coal 
from the breast and from the necessary draw 
holes along the bottom of the vein will then be 
done to compensate for expansion of the coal 
and to up-set the particles of coal just blasted in 
preparation for succeeding blasts. Successive 
drilling, blasting and drawing steps can then be 
followed to mine the vein. 

The drill hole pattern for this mining can be 
of the fan or parallel hole type. Fan hole drilling 
involves holes across various layers of coal some 
of which may be soft or free and cave, thus 
blocking the holes. Fan hole drilling, however, 
requires the minimum number of drill setups 
and the least amount of development work for 
placing all of the drill holes. One unique plan 
being investigated is to drill fan holes from a 
drill heading under the vein. This method has 
the advantage of keeping the miners out of the 
coal entirely and minimizes development work. 

Parallel holes can be drilled from cross holes 
driven from the bottom rock to the top rock at 
the desired interval along the vein. In most of 
the plans prepared, these openings are to be 
driven directly off the rock chute taps to the 
vein which after blasting will serve as draw 
points for loading the broken material. 

Drilling is to be done with a post mounted 
blasthole diamond drill powered by an air motor. 
Noncoring bits of either the pilot or plug type 
will be used. This type drill and bit was selected 
for the initial test work because it is capable of 
cutting any type rock or coal with the least 
amount of deflection. Should the water used to 
remove the cuttings from the hole cause trouble 
when drilling the free vein material, an auger 
drill rod with a tungsten carbide bit will be used. 

The present plan for blasting provides for the 
use of a semigelatinous permissible powder. De- 
tonation of the charges in the various holes is to 
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be done with millisecond delays to reduce the 
concussion from the blast. At least two detona- 
tors per hole will be used in an attempt to avoid 
cutoff holes. The use of Primacord in the holes 
and millisecond delays to detonate the Prima- 
cord is also being considered. 

Experimental work is now at the point where 
miners are being trained in the use of the blast- 
hole drill. Holes are being drilied to learn the 
drilling characteristics of the vein to be mined 
and the drill pattern to be used will depend on 
the results obtained from the test drilling. 


Breast and Pillar Mining Using 
Long Drill Holes 


One modified method of breast and pillar work 
utilizing long drill holes is under consideration 
at the present time at Locust Gap colliery of 
Philadelphia & Reading. (See cut, p. 1025 D) 

The plan provides for the development of the 
three splits of the Mammoth vein, which range 
in thickness from 6 to 17 ft and are on a pitch of 
70 to 85°, by driving a haulage gangway and re- 
turn airway in the Buck Mountain vein. This 
haulage gangway and airway will eventually be 
5000 ft long. Sectional tunnels will be driven 
from the haulage gangway to the top member of 
the Mammoth vein on 360-ft intervals. Midway 
between the sectional tunnels, an air tunnel will 
be driven at a point approximately 100 ft higher 
than the gangway. 

Instead of driving gangways in the vein from 
the sectional tunnels, slants will be driven along 
the bottom slate of the vein on 22° pitch for a 
distance of 192 ft where they will meet the slants 
driven from the adjoining sectional tunnels. At 
the junction point of the slants, a chute will be 
driven up the pitch to intercept the air tunnel. 

After the air connections are made, twin 
breasts, 20 ft wide on 40-ft centers are to be 
driven at the sectional tunnel and at the end of 
the slants, one on each side of the tunnel and 
one on each side of the apex of the slants. 

The breasts at the tunnel will be driven up the 
pitch for a distance of 190 ft and at the apex of 
the slant, a distance of 130 ft, and will carry a 
full gob with a 3-ft manway on each side. From 
the face of the breasts, approximately 700 ft of 
21,-in. holes will be drilled ahead and on the 
flank with an air driven rotary drill, to drain off 
any water which may be impounded in the com- 
pleted workings directly above. After the drilling 
has been completed, narrow holes 10 to 12 ft 
wide will be driven the remaining 50 ft to the 
gangway above. Headings between the breasts 
are to be on 60-ft centers but those on the solid 
side are to be on 30-ft centers and driven 26 ft 
into the 120-ft block of coal. 

When the driving of the breasts has been com- 
pleted, 3 spouts on 30-ft centers are to be driven 
off the slant for a distance of 10 ft to permit the 
construction of breast batteries with short 3-ft 
manways on each side. 

Holes 134 in. in diam will then be drilled from 
each spout with an air driven rotary drill on a 
planned depth of from 6 to 30 ft. The total foot- 
age for the first step will be approximately 235 
ft. The holes will then be loaded with permissible 
explosives and fired with instantaneous, first de- 
lay and second delay exploders. This plan pro- 
vides for an 80-ft face from the breast headings 
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in no. 1 breast to the breast headings in no. 2 
breast. Sufficient coal will have to be drawn 
from the three spouts to lower the loose coal 
from the face to permit circulation of air and to 
permit the expansion of the coal which will be 
blasted in the succeeding step. 

The second step provides for drilling the 80-ft 
face from the first heading off no. 1 and no. 2 
breasts. Planned depth of the holes is from 20 to 
60 ft with a total requirement of approximately 
290 ft. The holes will then be loaded and fired as 
previously described. The same procedure will be 
followed in the succeeding steps until the block 
of coal has been mined which will require ap- 
proximately 1975 ft of drill hole. 

Mining of the 20 ft pillars will be done in 
proper sequence with the pillar over the air tun- 
nel being mined with a pillar hole as the last step 
in the recovery before mining the small stump 
pillars remaining along the slant chutes. 

This plan eliminates the driving of 1080 ft of 
coal gangways and return airways for each 360- 
ft section, also the driving of four 30-ft breasts 
with a resultant saving in labor and materials. 
Better recovery should be obtained and the com- 
pletion of each section should be speeded. 


Recovery of Coal Below Rock Holes 


In mining where the development is made with 
rock gangways underneath and parallel to the 
seam, and rock holes are driven from the gang- 
way to the vein on 25 to 45°, considerable coal is 
left between the gangway level and the end of 
the rock hole. The amount of coal left standing 
depends upon the thickness of the vein, the pitch 
of the vein and the pitch on which the back 
chute was driven from the top of the rock hole 


to the top slate. 

The coal is usually left standing to be recov- 
ered at some future time from a lower level. 
However, where the vein averages 20 or more ft 
in thickness, it can be recovered economically by 
driving horizontal holes to the vein from the 
rock gangway. A plan to recover this coal has 
been developed for one of the collieries in the re- 
gion and will be started as soon as delivery of 
conveyor equipment is made. Horizontal holes 
or short conveyor gangways 6x10 ft in the clear 
are to be driven at right angles from the rock 
gangway to the top slate of the vein. 

The conveyor gangways will be spaced on 40- 
ft centers which will leave a pillar of 30 ft to be 
mined between each opening or 15 ft of pillar 
along each rib. A small size chute will then be 
driven along the top slate of the vein until it 
connects with the back chute that was driven 
from the rock hole. This will give an open end 
for both ventilation and for firing of the pillar. 

After the ventilation is established, three 114- 
in. holes are to be drilled in the coal to within 5 
or 10 ft of the gob and fired with permissible ex- 
plosives; one hole directly over the top of the 
conveyor gangway and one over each rib. The 
drilling and firing of additional holes along the 
conveyorway will be determined by the nature 
and quality of the coal. Ventilation when ad- 
vancing and retreating is to be supplied by small 
fans installed near the rock gangway. The coal 
is to be loaded by shaking conveyors equipped 
with duckbills and telescopic troughs and dis- 
charged into an electric driven chain conveyor 
for loading into mine cars. This plan should elim- 
inate considerable relief timbering and give good 
results as to recovery and performance. 
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Modified breast and pillar method now under consideration at Locust Gap colliery of Philadelphia & Reading. 
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Screw 


Crusher 


Solves 


by A. A. Gustafson 


he Freeport Sulphur Co. built a portable 
crusher in 1944 that solved a problem that 
none of the crusher manufacturing companies 
contacted were able to do. Two of these crushers 
have now been in service for 6 years, giving sat- 
isfactory service in handling a million tons per 


year, and having a capacity of over 2000 long 
tons per 8-hr shift. These machines reduce ton 


size blocks of sulphur to 12 in. and also feed the 
conveyor system at the rate of 350 long tons per 
hr per machine. 


Mr. Gustafson is a mining engineer for the Free- 
port Sulphur Co., Grande Ecaille, La., and is a 
member of AIME. 


This portable screw crusher undoubtedly has 
an application in other mines where it is desir- 
able to reduce run of mine ore to conveyor size. 
Potash, coal, salt, clay, shale, and some iron ores 
appear to be materials which could be crushed 
by machines built on this new crushing principle. 
Some mines have hesitated going to conveyor 
haulage due to not having solved the crushing 
problem. 

Before describing the crusher it will be of in- 
terest to describe the Freeport Sulphur loading 
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Problem for 


Freeport 


operations at Grande Ecaille, 50 miles south of 
New Orleans, where the crushers are used. Liquid 
sulphur is pumped to two bin sites, supported on 
60 and 75 piling, where it is cooled. Bins are 200 
ft wide, 700 ft long, and 20 ft high. The main 
conveyor is located between the two bins. On 
each side of the main conveyor, a traveling cross 
conveyor, supported on three 60-ft trusses 
mounted on wheels, is moved across the 200 ft 
width of the bins as loading progresses. Besides 
supporting the conveyor installation these trusses 
also support a portable 5-ton capacity hopper 
mounted over the crusher-feeder. The hopper re- 
ceives feed from a 24-cu yd bucket, and moves 
along the cross conveyor on rails as the shovel 
digs across the sulphur bin. 

From 1934 to 1944 lumps were caught on a grid 
with 12x18 in. openings. Two men on each shift 
broke the lumps to conveyor size with picks, but 
could not keep up with the 134-cu yd shovel. 
The hopper had a capacity of 5 tons of sulphur 
and was equipped with a pan feeder for feeding 
the conveyor. This was a costly and dangerous 
operation which suggested the use of a crusher, 
or heavier blasting to reduce the size of the 
lumps. Since we operated on marshy, filled 
ground, supported by piling, and it was neces- 
sary to use timber mats under the shovels, a 
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greater use of dynamite was not practical, or 
economical. 

Consequently crushing was the answer, and 
most of the crusher manufacturers were con- 
tacted for a solution. The majority shied away 
from a 350 ton per hr portable crusher, but those 
who tried to work out something came up with 
more weight than the conveyor trusses would 
stand, and there was no way of strengthening 
the trusses at a reasonable cost. Coal crushers 
with their toothed rolls came the closest to meet- 
ing needs as far as weight went. However, when 
the manufacturer advised that coal crushers 
could not be choke fed with 134 tons at a time, 
and that a hopper, feeder, and screen would have 
to be added, the proposition had to be dropped. 

One day in 1943, it was noticed that sulphur 
samples were being crushed by a meat grinder. 
This observation gave birth to an idea that re- 
sulted in the Freeport crusher which has been 
so successful in sulphur operations. A small ex- 
perimental crusher was built and tried. Numer- 
ous changes were made as there was no informa- 
tion for engineering design. 

The Freeport crusher consists of a screw op- 
erating in a trough welded to the bottom of a 
hopper. The screw also acts as a feeder to the 
conveyor belt, thus eliminating the usual pan 
feeder. The lumps that are too large to settle 
into the trough where the screw operates arc 
broken off at the bottom by the screw ribbon 
until they settle down on the screw shaft. Then 
they are carried forward to the front edge of 
the hopper, where teeth attached to the sides 
of the frame split the chunks as the ribbon of 
the screw forces the chunks against the teeth. 
The isometric sketch shows the operation of the 
screw. The bottom of the trough was a solid 
plate originally, but due to accumulated moisture 
causing corrosion, holes were cut in the bottom 


Traveling cross conveyor mov- 
ing across the sulphur bin as 
loading progresses. Five-ton 
capacity hopper is fed by 
2!/2-cu-yd shovel, and hopper 
moves on rails as shovel igs 
across the sulphur bin. 


to allow the water to get out. Some of the fine 
material now falls thru these holes on to the belt, 
and forms a cushion for lumps. The bottom of 
the trough can be perforated to screen out any 
amount of fines desired, and these openings to- 
gether with inside stiffners on the bottom of the 
trough can aid in crushing. The crusher is de- 
signed to take feed 3 to 4 ft in diam and reduce 
it to chunks 10 to 12-in. size. The fine material 
is not reduced in size but fed to the conveyor belt 
by the screw along with the crushed chunks. The 
shovel dumps into a hopper over the trough 
which has a capacity of 5 long tons. No trouble 
is experienced in choke feeding the screw with 
this amount of material. 

The shaft of the screw is 6 in. in diam. Two 
ribbons of boiler plate are welded to the shaft. 
The large ribbon is of 1'4-in. plate and bent to 
make a diameter of 30 in. The small ribbon is 
18 in. in diam and made of 34-in. plate. The rib- 
bons extend along 4 ft of the shaft. The screw 
turns at 15 rpm, is driven by a 30 hp 1200 rpm 
motor, equipped with a 20-in. fly wheel, and is 
direct connected to a 32.5: 1 reducing gear which 
is connected by sprocket and chain drive to the 
shaft. The trough in which the screw operates is 
made of 34-in. plate. Originally only the larger 
ribbon was used and the first crusher cost about 
$3000 to build. Maintenance costs have been neg- 
ligible. The crusher including hopper, drive 
mechanism, and supporting structure for travel- 
ing over conveyor belt weighs 22,000 lb. 

This crusher can be built in larger or smaller 
sizes than the machine described above, and also 
with a variation in screw pitch. For some ma- 
terials it may also be desirable to use two or more 
screws side by side. The rpm can also be varied 
to obtain the best results on various materials, 
and greatest efficiency in regard to horse power 
weight, and size of feed and crushed product. 
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Open-Pit Forum 


drilling equipment at Bagdad consists 


of two Bucyrus Erie 27-T model drills and 


- one 22-T drill with gasoline engines. The drill- 
_ ing tools weigh approximately 1600 lb. The holes 


are drilled with 7-in. bits which are heated in an 


' oil burning furnace and sharpened in an electri- 


cally powered bit sharpener. A service truck 
brings the bits to the drills and takes the dull 
bits back to the shop. The bits weigh around 250 


' lb. when new and are handled by drill crews 


without any mechanical handling device. 
When the management decided to start open- 


: pit operations in 1945 the ruggedness of the ter- 
' rain was one factor that led to the purchase of 
_ the small 22-T model drill. The orebody lies on 


both sides of Copper Creek Canyon. The sides of 
the canyon are steep and are cut by numerous 
narrow branch gullies. The drill had to travel 
over roads that were narrow and steep. It proved 
adequate for drilling the capping formation and 
is still in use. 

The orebody at Bagdad is a chalcocite-enriched 
zone in a gray colored monzonite porphyry. Gen- 
erally speaking, it is a fairly hard formation. 
Drilling speed averages 40 ft per shift with two 
bit changes per hole. The capping has been thor- 
oughly oxidized and is softer than the ore, ex- 
cept where it is cut by silicious veins or ribs. Sixty 
ft per shift represents average drilling speed in 
the capping. Occasionally a bit will last through 
a shift but the average footage per bit is less. 

Benches vary in height from 45 to 50 ft. Churn 
drill holes are spaced 15 to 18 ft apart in the cap- 
ping and 12 ft in the ore, and are drilled 5 ft 
below grade. In starting a hole a short piece of 
casing is used. Upon completion of the hole it is 
pulled up and used in the next hole. Only very 
occasionally is it necessary to leave the casing 
until blasting. The outer row of holes is drilled 
10 to 12 ft from the edge. Two or three rows of 
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Drilling and Blasting 
at 


Bagdad Copper 


by Olaf Hondrum 


Mr. Hondrum is mine superintendent, Bagdad Copper 
Corp., Bagdad, Ariz. 


holes with a total of 39 to 35 holes represent an 
average blast. 

Bag powder is used, except for primers, which 
are sticks of gelatine dynamite. Two grades of 
powder are used, one of 60 pct strength and the 
other 20 pct. They are used in about equal 
amounts. From past experience the powder fore- 
man judges the amount to be used in each hole, 
taking into account the estimated burden, hard- 
ness and type of formation. A typical charge in 
a 55-ft hole in ore is 7 cases of powder, rising 
about 21 ft in the hole and leaving 34 ft for stem- 
ming. This results in satisfactory fragmentation. 
In capping material the powder charge is less, 
with a stemming column of about 40 ft except 
for holes drilled in more than average silicious 
material. In this case more powder is used, or 
the hole may be deck loaded in order to bring 
the powder charge closer to the top. 

In the extreme east end of the orebody the 
capping consists of a tight conglomerate which 
is fairly easy to drill but hard to break. Deck 
loading of holes is standard procedure in this 
formation. Placing all the powder in the bottom 
resulted in the top half of the bench remaining 
unbroken. Better fragmentation is obtained by 
using a slow speed powder and bringing the pow- 
der charge within 20 ft of the top by deck load- 
ing. 

To set off the charge, double strands of Prima- 
cord from the holes are connected to a double 
trunk line. A dynamite cap with fuse is attached 
to each end of the trunk line. This method is 
wasteful of Primacord but inasmuch as it helps 
to keep down misfires it has been adopted as 
standard. 
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O* the face of it, the American 

Mining Congress meeting was a 
big success, as witness the smiles 
on the AIME members, pictured 
here, who attended. The grins were 
captured at Booth 232, where cari- 
caturist Lenn Redman held forth 
for the Independent Pneumatic 
Tool Co., sketching 114 subjects in 
one week. 


Some of the grins were occa- 
sioned by the news from Simon D. 
Strauss, vice-president of AS&R, 
that the outlook for nonferrous 
metals is bright, in view of the ex- 
traordinary consumption by both 
the civilian and military populace 
in recent months. Then, some were 
happy to hear North Carolina’s 
Representative Carl T. Durham ad- 
vocate the support of marginal 
mines and the stockpiling of metal 
from foreign sources. He also 
called for centralization of the 
stockpiling program in one central 
agency. 


A lot of the smiles disappeared 
when Roy Hatch, assistant general 


Wey 


Rahilly, Anaconda Copper, Butte, Mont.; 
Homestake Mining Co.; P. 


On The Face of it.... 


In the center, Guy N. Bjorge, Homestake Mining 
Co., Lead, So. Dak.; and, with the cigar, Neil 
O'Donnell, Idaho-Maryland Mines, Grass Valley, 
Calif. Above, and reading down to the right: 
J. F. Buchanan, Magma Copper Co., Superior, Ariz.; H. J. 
C. N. Kravig, 
D. |. Honeyman, Inspiration Cop- 
per Co., Inspiration, Ariz.; C. E. Weed, Anaconda Copper, 
New York; and H. C. Weed, Inspiration Copper Co 


manager of Kennecott’s Utah Cop- 
per Div. estimated that 23 pct is 
automatically added to pre-set 
wage rates by such expenses as 
overtime, unemployment compen- 
sation, insurance, housing, recrea- 
tional facilities, etc. He saw a 
threat to the nonferrous industry 
in further union attempts to in- 
crease these benefits, the cost of 
which would not be transmitted 
directly to the consuming public. 
Gayety, however, prevailed at 
the Mining Congress cocktail party 
on Sunday night, which was 
jammed like the first cage going 
off shift. Then, on Monday night, 
‘way down at the bottom of Bing- 
ham Canyon, engineers and their 
wives stuffed themselves with spa- 
ghetti, beer, and highballs, and 
partook of a bit of gambling, a bit 
of dancing, and a look at a fine 
variety show. A steak dinner at 
Sait Lake’s Lagoon amusement 
park provided the buildup for 
Thursday night's social crescendo, 
the very memorable banquet. Turn 
the page for more convention news. 


Morenci, Ariz.; 


John J. Curzon, 


At top, from left: Ben H. Cody, Phe'ps Dodge Corp, 
E. S. McGlone Anacon 
Mont.; M.D. Harbaugh, Lake Superior Iron Ore Ass'n, Cleve- 
land; John W. Chandler, Eagle-Picher, Miami, Okle.; Below: 
Howe Sound Co., 
Wesley P. Goss, Magma Copper Co., Superior, Ariz. 


American Mining Congress President Howard 
|. Young happily surveyed the biggest 
metal mining convention and exposition yet 
held. 


Copper, Butte, 


Holden, Wash.; and 
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Record Crowd at AMC Meeting 


_— by the Utah sunshine and cheered 
by the lavish hospitality of suppliers, over 
2000 mine operators thronged the Fair Grounds 
in Salt Lake City, Aug. 28 to 31, to view the equip- 
ment displays and sit in on general and operat- 
ing sessions. Total registered attendance at the 
convention and exposition reached 5588 by clos- 
ing Thursday night, of which 1838 were manufac- 
turers of mining equipment, 2482 were operators, 
1063 were lady guests, and 205 were visitors. The 
record attendance was matched by a record num- 
ber of equipment displays which numbered more 
than a hundred. M. L. McCormack, chairman of 
the AMC Manufacturer’s Div., and his associates 
certainly did a splendid job in arranging the ex- 
hibition continuous hospitality. One fine ex- 
ample: the Welcoming Luncheon, pictured above. 


One of the features of the Joy 
Manufacturing Co. exhibit was this 
Joy 17-HR continuous type loader. 
Joy also showed a drillmobile, 
stopers, sluchers, hoists, rock and 
core bits and a variety of other 
products for the mining industry. 
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Although each equipment display was suf- 
ficiently interesting in itself to draw spectators, 
various gimmicks were used in friendly competi- 
tion by the exhibitors to outdo each other in 
drawing visitors. Opportunities to win such 
items as a typewriter, a hunting rifle, Scotch and 
similar items were numerous. All one had to do 
was to guess the weight of an unidentified min- 
eral sample or the number of blasting caps in a 
fish bowl, etc., to carry away one of these items. 

Although Salt Lake is ostensibly dry, alcoholic 
refreshments were available at any hour of the 
day or night from Sunday through Thursday 
thanks to the manufacturers’ suites. In addition, 
the several special cocktail parties held were ex- 
tremely elegant. Entertainment ranged from a va- 
riety show at the Eimco party to a string quartet. 


At the Colorado Fuel & Iron 
Corp. exhibit Otto Herres, vice- 
chairman, exposition committee, 
Will |. Powell, W. Lunsford Long 
of the Haile Gold Mines, and the 
Hon. Graham A. Barden, Con- 
gressman from North Carolina, 
view a model CF&I bal! mill in op- 
eration, The mill had glass back 
and front to enable visitors to 
view its operation. 
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Mack Trucks, Inc., was well repre- 
sented by this model LSRW 30-ton 
b-wheel off the highway dump 
truck, exhibited outside the main 
exposition hall. 


Left: E. G. Simmons and Tom 
Stone were on hand to show visi- 
tors this mine jumbo manufactured 
by the Cleveland Division of the 
Le Roi Co. Below, left: J. W. Hill 
and E. M. Paris, both of the U. S. 
Vanadium Corp. enjoyed the 
working model of a P&H magne- 
torque shovel shown by the Har- 
nischfeger Corp. Below: Big 10- 
ton model UD rear-dump truck 
keynoted the Euclid exhibit, out- 
side the exposition hall. 


Out in the noonday Salt Lake sun, 
another big exhibit captured vis- 
itors’ attention. It's the Cater- 
pillar Tractor Co.'s diesel wheel- 
type tractor with an Athey wagon. 
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Manufacturers News 


New Products 


@ FILL OUT THE COUPON FOR MORE INFORMATION e 


Equipment 


Self-Centering Conveyor Roll Expected 
to Revolutionize Materials Handling 


A new and startling advance in the field of materials handling has 
come from the Carnegie-Illinois Steel Corp., with the first announce- 
ment of a self-centering roll which completely eliminates the neces- 
sity for sideguides to keep materials on a conveyor. The “almost 
unbelievable performance” of these rolls has been demonstrated 
even on circular conveyor tables. Objects being rotated on the table 


did not deviate from their lines of 
travel even when the table was 
tilted from the horizontal. 

Self-centering rolls are now be- 
ing manufactured at Carnegie- 
Illinois’ Johnstown Works, and 
they are now in use at the Mc- 
Donald Works in Youngstown as 
well as at Tennessee Coal & Iron 
at Fairfield, Ala. Two stainless steel 
conveyor belts are being contem- 
plated for test at the Lynch, Ky., 
mine of the H. C. Frick Coke Co., 
and at the Bituminous Coal Re- 
search Institute’s installation in 
Virginia. 

The Lorig roll, invented by E. T. 
Lorig, head of Carnegie-Illinois’ 
senior engineering staff, is a slightly 
crowned roll cut transversely at the 
center. The two halves are fixed to 


New 25-cu yd Truck 


Featuring a heavy-duty body with 
a struck capacity of 25 cu yd, and 
an 8-cylinder diesel engine, this 
new off-highway dump truck has 


rotate as a unit, with the working 
surfaces approximately horizontal 
and the axes at an angle. Thus the 
lines of force in both halves twist 
evenly toward the center in the di- 
rection of movement, conferring a 
self-centering action on materials 
passing over the rolls. The planar 
action of the rolls exerts a greater 
force than gravity, as has been 
shown by operating pulleys verti- 
cally and attempting unsuccess- 
fully to pull a metal belt down 
against the lower pulley housings. 

The device has been tested for 
all manner of applications in the 
steel industry, and there is now 
said to be “no question” that ap- 
plications for the roll will be found 
in other industries. Circle No. 1 


just been announced by Sterling 
Motors Corp. A double-acting hoist 
provides a 65° dumping angle 
for easy unloading. A 4-speed main 
transmission and 3-speed auxiliary 
transmission provide 12 well-gradu- 
ated forward and three reverse 
speeds. The cab is of the one-man 
type, offset to the left. The truck 
was designed primarily for use in 
coal stripping, open-pit mining 
and quarrying. Circle No. 3 


Pump Repair Simplified 


A new pump in which all working 
parts are contained in one easily 
removed rotor has been designed 
by the De Laval Steam Turbine 
Co. In addition, simple mechanical 
seals replace the stuffing box, and 
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Bore Hole Loader 
Eliminates Tamping Poles 


One of the sensations at the AMC 
metal mining exposition in Salt 
Lake City was the Atlas Bore Hole 
Loader, which makes use of a long 
metal-cored rubber hose to per- 
form loading and tamping opera- 
tions in holes up to 80 ft long. 
Several cartridges can be pushed 
at one time to the back of a hole, 
and firmly tamped by retracting 
and advancing the plastic-tipped 
hose. Tamping poles are elimi- 
nated and manpower requirements 
sharply reduced. An ordinary com- 


pressor, such as that used for drill- 
ing, operates the loader, which 
comes in two sizes. The smaller 
size, (illustrated) is hand-held, has 
a hose diam of 7% in., and can load 
holes up to 80 ft long. The larger 
model is equipped with a tripod 
and enough hose for a 70-ft hole. 
Circle No. 2 


the pre-lubricated bearings in the 
pump are lubricated for life, thus 
making it even more “maintenance 
free.” When maintenance is neces- 
sary, top cover and end plate studs 
are removed, and the rotor as- 
sembly is taken out and replaced 
by a new one. Circle No. 4 
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New Hex-Shank Auger Bits 


Tungsten-carbide tipped auger drill 
bits having hex-shanks are a new 
product of the Firth Sterling Steel 
& Carbide Corp. The line was de- 
veloped expressly for drilling holes 
for Armstrong, Airdox or Cardox 
shooting. Bit diameter sizes range 
from 2% in. with 13/16-in. hex- 
shank up to in. with 15,-in. 
hex-shank. Several of the diame- 
ters are furnished with a selection 
of shank sizes. Circle No. 5 


Reduction Crusher for Labs, 
Pilot Plants 


A laboratory or pilot plant reduc- 
tion crusher designed to reduce '2- 
in. feed to as fine a product as 10 
mesh (single pass) is offered by 
Mine & Smelter Supply Co. It is 


said to provide an operation and 
product comparable to that ob- 
tained by commercial crushers, and 
replaces bulky equipment such as 
rolls and the coffee mill. Product 
can be used as feed for ball or rod 
mills, laboratory pulverizers, and 
tables, sink-float, or spiral concen- 
tration. Manufactured in two sizes, 
6 and 10-in. Circle No. 7 


For your convenience, a listing of 
booklets and other material currently 
being offered by the manufacturers. 
To obtain this information, merely 
circle the desired number on the cou- 
pon, and return it to MINING ENGI- 
NEERING. 


9) AERIAL PHOTOGRAPHY: Many 
mining companies are making full 
use of aerial photography and air- 
borne magnetometer surveys for 
exploration and prospecting. Map 
facts of the roughest kind of ter- 
rain are collected in a matter of 
days compared to the weeks and 
months needed to explore the area 
with ground parties. Aero Service 
Corp. has issued a 24-page booklet 
which describes the many advan- 
tages of using this service for en- 
gineering and geologic study. 


10) SELF-PRIMING PUMPS: Pumps of 
a new design that eliminates valves 


A completely new drum separator, which reduces the complexity of two- 
stage separation by using a partitioned drum, and which is expected to 
have wide application in the cleaning of low grade coal and in the bene- 
ficiating of iron ores, has been announced by the Western Machinery Co. 


Photoelectric Smoke Indicator 


The Combustion Control Corp.'s 
smoke indicators are designed to 
continuously indicate the density 
of smoke passing through a stack 
and to signal when it passes a pre- 
determined value. This serves to 
keep smoke conditions within the 
limits of local ordinances and 
maintains a check on combustion 
efficiency. Light source, photoelec- 
tric scanner, control and indicator 
are combined in one housing. Red 
and green lights indicate smoke 
conditions. Supplied with or with- 
out 30-watt voltage regulator. Cir- 
cle No. 6 


Manufacturers.’ Bulletins 


and yet gives efficiency comparable 
to standard centrifugal pumps are 
described in bulletin 636.1 available 
from Goulds Pumps, Inc. These 
self-priming pumps are made in 
sizes ranging from '%4 hp to 5 hp 
with both open and closed impel- 
lers. Cross-sectional illustrations 
listing the parts used in the manu- 
facture of the pump are shown. 


11) GYROCENTRIC SCREENS: A new 
brochure on the use of screens for 
wet and dry separation of chemi- 
cals, crushed rock, abrasives, re- 
fractories, dewatering and liquid 
recovery processes has been pub- 
lished by the Patterson Foundry & 
Machine Co. Installation photo- 
graphs, screen specifications, and 
detailed information about 22 
standard screens are given. 


12) INDUSTRIAL RESEARCH: ‘“Re- 
search Facilities Without Capital 
Investment,” is the title of a new 


The WEMCO process uses a parti- 
tioned drum with a lighter media 
in one section and a heavier me- 
dia in the other, as illustrated. Ma- 
terial moves from one section to 
the other, eliminating screens, con- 
veyprs and duckwork necessary 
when separate vessels are used. 
Three conveyor systems leave the 
drum, carrying a true mineral 
product, a true waste product, and 
a middling product. Three sub- 
stantial savings are claimed: fewer 
items of equipment, lower con- 
struction and installation § costs, 
and greatly reduced floor space. 
Circle No. 8 


booklet offered by Foster D. Snell, 
Inc., dealing with the position of the 
consultant and research work in 
today’s industrial research. The 
booklet briefly outlines the relation 
of equipment and personnel of the 
consultant and the results to be 
expected on various types of prob- 
lems. 


13) METER ADAPTER: An adapter is 
now available for installing Flow- 
rator meters in horizontal process 
piping. This eliminates the neces- 
sity for a vertical rise in a line 
where headroom is at a premium 
Eye-level flow indication for accu- 
rate instrument reading is now 
made possible by this adapter, 
where necessity of vertical runs 
made it impossible before. Catalog 
section 25 may be obtained from 
Fisher & Porter Co. 


14) QUARTZ SPECTROGRAPH: A new- 
ly revised bulletin available from 
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Gaertner Scientific Corp. describes 
and illustrates all of the principal 
features of this precision research 
instrument. Dispersion curves for 
the interchangeable quartz and 
glass optics are included with spec- 
ifications, optical diagram, and 
list of recommended accessories. 


15) PROVING RINGS: Direct reading 
proving rings which are used in 
calibrating the loads of various 
types of testing machines and 
presses, including Brinell and Uni- 
versal testing machines are de- 
scribed and illustrated in a bro- 
chure published by Steel City 
Testing Machines, Inc. The file-size 
data sheet gives full information 
on sizes, capacities, weights, and 
dimensions of the instruments. 


16) VARIDRIVE MOTORS: Several of 
the features of these motors in- 
clude a new finger touch control 
handle, smaller dimensions, and 
optional positioning of the control 
dial. The seven modifications of 
the design including three-phase 
and single phase, combination 
geared drives and types with 
flanged bracket for direct connec- 
tion to the driven machine are il- 
lustrated in bulletin 1601 available 
from U. S. Electrical Motors, Inc. 


17) FAN VENTILATOR: Especially 
Suitable for situations where pow- 
ered duct exhaust ventilators op- 
erating at very low noise levels are 
desirable, a new centrifugal type 
fan with backwardly curved blades, 
mounted within a weather-proof 
chamber, is described in pamphlet 
341 available from Swartwout Co. 


18) SAFETY HAT: A new illustrated 
circular available from E. C. Bul- 
lard Co. contains complete infor- 
mation on a new ribbed design 
metal safety hat. The inner hat 
assembly is designed to absorb 
shock with its full-floating, six- 


point suspension hammock. The 
entire assembly can be replaced 
without tools with slide action 
wedge type fasteners. 


19) WIRE ROPE: Condensed informa- 
tion on improved plow steel wire 
ropes is contained in bulletin 50-25 
which may be obtained from Mac- 
whyte Co. All sizes and construc- 
tion classifications are combined in 
one large table. 


20) DIESELS: A new line of heavy- 
duty engines, power units and gen- 
erator sets capable of burning 
either natural gas or diesel fuel is 
described in catalog 107 issued by 
Murphy Diesel Co. These heavy- 
duty gas engines utilize the eco- 
nomical advantages of high com- 
pression combustion. Three mod- 
els are available ranging from 135 
to 180 hp. 


21) CONVEYORS: Two new pamphlets 
have been issued by the Conveyor 
Co. covering new information on 
troughing idlers and return idlers 
of improved design which eliminate 
high-speed rattle. Applications of 
these improved idlers vary from 
operations in mines and smelters 
to pits and quarries. The features 
of the new snug design and its ap- 
plication to permanently lubricated 
ball-bearing type idlers and roller 
bearing idlers are included. 


22) CONCENTRATOR: The Weinig 
concentrator described in bulletin 
50 available from Colorado Iron 
Works Co. has been developed to 
bridge the gap between heavy den- 
sity separations and flotation or 
other methods of treating extreme- 
ly fine sizes of liberated mineral 
and gangue. The machine consists 
of two units, a dewatering tank 
and spiral mechanism for removing 
the concentrate, or heavy product, 
and the concentrator itself in 
which the separation of sink and 


Mining Engineering 
29 West 39th St. 
New York 18, N. Y. 


Please send me ¢ 
| Price Data 


2 3 4 
2} 22 230 «24 (25 
44 42 43 44 


Name 
Company 
Street . 

City and Zone 


f More Information [ 
Free Literature [ 


October 


on items indicated. 


26 27 28 29 30 
36 37 38 39 40 
46 47 48 49 50 


State 


1030—MINING ENGINEERING, 


OCTOBER 1950 


float products is made. It will make 
efficient separations of materials in 
a size range of 14 in. to between 28 
mesh and 35 mesh with a difference 
in specific gravity as low as 0.20. 
Some fine materials that have re- 
sponded to the treatment are iron 
ore, anthracite, dump ores contain- 
ing complex sulfides and precious 
metals and bituminous coal. 


23) DIESELS: A 32-page booklet 
available from General Motors 
Corp. tells the story of modern 
diesel power. Beginning with the 
first diesel built and progressing 
through the years, the booklet has 
many illustrations. The complete 
operation of the diesel is illustrated 
with cross-sectional diagrams of 
the four-stroke cycle, two-stroke 
cycle, the fuel injection system and 
other pertinent details. 


24) WHEELS AND HITCHINGS: The 
advantages of using Naco steel 
wheels and hitchings are described 
in circular 1746 issued by National 
Malleable & Steel Castings Co. 
Tests conducted on these wheels 
show the first permanent set did 
not occur until above 75,000 Ib. 
They can be made considerably 
lighter than the chilled cast iron 
wheel, thus reducing the tar weight 
per car. 


25) HOSE LINES: Single cotton braid, 
single rayon braid, and double wire 
braid hose are just a few of the 
different types of industrial hoses 
available from Aeroquip Corp. de- 
scribed in booklet. Fittings and as- 
semblies to be used are also illus- 
trated and the pipe thread, SAE 
thread and approximate weights 
are listed. 


26) SHAFTS AND PINIONS: One of 
the few applications of Pittsburgh 
Gear & Machine Co. taper serrated 
shafts and pinions is on mine lo- 
comotive armature. Cutting away 
metal on shaft and under pinion 
tooth on old keys and keyways 
weakens both. Using this new way 
all the original metal and strength 
of shaft and pinion are retained. 


27) AIR FEED SINKERS: These light 
drills combine the drilling speed of 
big power feed drifters and the 
portability of hand hold sinkers 
with the air consumption of 45-lb 
and 80-lb jackhammers. Described 
in pamphlet RD6 available from Le 
Roi Co. these drills make every 
phase of drilling more efficient. 
Reverse air feed sinkers are up to 
70 lb lighter than power feed drift- 
ers of like capacities. 


28) LUBRICATION: The fundamentals 
of correct oil lubrication are de- 
tailed in an 8-page color booklet 
available from Socony-Vacuum Oil 
Co., Inc. The basic principles of 
boundary and flood lubrication are 
illustrated by diagrams. 
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Roof Studies and Mine Structure Stress Analysis, 


Bureau of Mines Oil-Shale Mine, 


NACTMENT of Public Law 290 by the 78th 
Congress authorized the U. S. Department of the 
Interior, Bureau of Mines, to conduct an experi- 
mental program to develop the technology for ob- 
taining oil from oil shale. In adopting and later ex- 
tending this legislation, the Congress recognized the 
impending necessity of supplementing ground petro- 
leum reserves with synthetic fuels. Under the pro- 
visions of this legislation, the Bureau of Mines, 
among other things, was charged with the responsi- 
bility of deveioping mining techniques, methods, 
and equipment for mining the oil shales of the 
Green River formation of Colorado, Utah, and 
Wyoming. 

The oil shales of western Colorado are apparently 
richer, more accessible, and more amenable to ex- 
ploitation than elsewhere in the Rocky Mountain 
region. The site chosen for the Bureau’s Experi- 
mental mine is about 10 miles west of Rifle in 
northwestern Colorado. It is within a 1000-sq-mile 
area from which, it has been estimated, 300 billion 
barrels of shale oil could be produced from a 500-ft 
measure near the top of the formation. One hundred 
billion barrels of this amount could be produced 
from the Mahogany ledge, a 60 to 100-ft section 
near the bottom of the 500-ft measure. This ledge is 
considered to have economic importance at present. 

The Green River formation was laid down as 
sediment in the bottom of vast, shallow inland lakes 
during Eocene time. The deposit is flat-lying, and 
there are no faults, fissures, or local rolls. Oil shale 
is actually a strong, tough magnesium marlstone, 
which will stand unsupported over relatively wide 
spans. These and other natural physical charac- 
teristics favor mechanized, low-cost mining, which 
is essential for establishment of an oil-shale industry. 

It was realized from the outset that an extensive 
research program would be necessary to develop 
mining methods, equipment, and techniques for a 
mechanized, low-cost operation. The program was 
designed to include research into all the productive 
phases of mining, such as drilling, blasting, loading, 
transportation, and maintenance of the mine struc- 
ture. The methods, equipment, and techniques de- 
veloped as a result of this research have established 
a production of 116 tons per man-shift total labor 
at a direct cost of $0.292 per ton. 

Another important phase of the research program 
that has received little publicity because of its theo- 
retical nature is study of the roofstone behavior and 
determination of mine structure stresses. This paper 


Rifle, Colo. 


by E. M. Sipprelle and H. L. Teichman 
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purposes to discuss this phase of the research pro- 
gram. 

Preliminary studies of the physical properties of 
the Green River oil-shale formation were made in 
the Barodyramics Laboratory at Columbia Univer- 
sity during the latter part of 1945 and the early 
part of 1946.* The purpose of these studies was to 

*F. D. Wright and P. H. Bucky: Determination of Room and 
Pillar Dimensions for the Oil-Shale Mine at Rifle, Colo. Trans 
AIME, 181, 352; Min. Tech., Nov. 1948, TP 2489 
determine the maximum size of unsupported under- 
ground openings that would be commensurate with 
safety and still permit the use of large, efficient 
mining equipment. Also to be determined were the 
pillar support to extraction ratio and the shape, rize, 
and spacing of supporting pillars. Selected samples 
of possible roofstones near the top of the Mahogany 
ledge, as well as representative samples of different 
rock types found within the ledge, were obtained 
from the Bureau's oil-shale mine for these studies. 
The maximum safe unsupported roof span calcu- 
lated from this work was 200 ft. Using a safety 
factor of four, it was theoretically determined that 
openings 60 ft wide could be advanced under a 
roofstone at the top of the Mahogany ledge. To 
support the overburden, 60-ft-sq pillars would be 
left in a checkerboard pattern. 

From visual observations made of core samples 
through the selected roofstone at the oil-shale mine, 
it was determined that the roofstone was actually 
a plate 6 to 8 ft thick. 

Because the calculations were theoretical and al- 
lowance had to be made for unknown cracks and 
fractures in the formation, openings 50 ft wide and 
pillars 60 ft sq were originally contemplated in the 
Bureau's Experimental mine. This would be the 
minimum allowable width that would permit use of 
large underground mining equipment. For lower 
mining costs and greater efficiency larger openings 
were desirable. 

Different but analogous approaches were made to 
the problem at the Bureau of Mines Applied Physics 


E. M. SIPPRELLE, Member AIME, and H. L. TEICH- 
MAN are Chief and Physicist, respectively, the Oil- 
Shale Mining Branch, U.S. Bureau of Mines, Rifle, Colo. 

AIME New York Meeting, February 1950. 

TP 2942 A. Discussion (2 copies) may be sent to 
Transactions AIME before Nov. 30, 1950. Manuscript 
received Jan. 30, 1950. 

Papers by authors of the U. S. Bureau of Mines staff 
are not subject to copyright. 
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Laboratory, College Park, Md., and the Bureau of 
Mines Pittsburgh Station. Essentially the same re- 
sults were obtained. 


Seismic Investigations 


To check the laboratory data and theory and to 
prove conclusively the maximum size at which under- 
ground openings could be mined safely, it was de- 
cided to excavate an experimental test room 50 ft 
wide by 100 ft long directly under the selected roof- 
stone. In this test room it would be possible to 
study the various physical properties of oil shale as 
a formation in place and to demonstrate the prac- 
ticability and use of scientific instruments in mining 
research under controlled conditions. 

Excavation of the 50x100-ft test room was com- 
pleted in December 1946. By February 1947 spe- 
cialized equipment had been installed, and the first 
scientific studies were started. The procedure has 
been to widen the room in increments of 10 ft, 
while using the specialized equipment to make daily 
observations of the behavior of the roofstone. Each 
new width was observed for a period of time until 
it was definitely determined that no excessive 
stresses were developing. The test room was widened 
from 50 to 60 ft in June 1947 to 70 ft in August 1947 
and to 80 ft in November 1948 (fig. 1). During this 
period it was observed that small hairline cracks 
developed in the roofstone, and air slacking of a 
44-in. layer on the roofstone occurred to a minor 
degree. Aside from the hairline cracks and air 


Table I. Typical Noise Levels Compared to Sag Rates 


| Approxi- 


Remarks 


Average noise level of test room with 
}no mining activity. Considered very 
| quiet 
| Considered noisy with some possibil- 
ity of approaching the elastic limit 
This is approximate rate immediately 
| after widening is completed. The rate 
| dropped to a normal level within a 
| few days 

During the widening of test room. 
| Would be extremely dangerous if not 
| due to blasting. This noise level de- 
creased rapidly and several days after 
blasting the rate dropped to a normal 
level 


20 to 60 


100 to 1,000 + 


SCALE feet 


Fig. 1—Isometric drawing of 

test room showing present 

and proposed size and re- 
cording installations. 


MiCROSEISMIC 
RECORDING STATION 


slacking, no other failures have occurred. During 
the entire period of widening from 50 to 80 ft, while 
under constant observation, no indications of ex- 
cessive stress have been observed. 

One generally accepted method of predicting im- 
minent failure in underground mine openings is by 
listening to the ground “work,” that is, make audi- 
ble popping and cracking noises. These noises are 
caused by failure of rock crystals and actual crack- 
ing of the rock formation when stressed beyond the 
breaking strength. The intensity and frequency of 
these noises offer a semiquantitative method of pre- 
dicting excessive stresses in underground mine 
structures. It was reasoned that if these noises 
could be detected while still in the subaudible range, 
the maximum safe roof span in the oil-shale forma- 
tion could be determined. 

Seismic equipment (fig. 2) was adapted to detect 
and record these subaudible noises caused from 
cracking or rearrangement of minute rock crystals 
subjected to pressure. The equipment consists of 
geophones, amplifiers, and recorders. The geophone 
is a metallic cylinder, 1% in. in diam and 8 in. 
in length, which houses a small Rochelle salt crystal. 
Subaudible rock noises are picked up and trans- 
formed into small electric currents by the salt crys- 
tal. These electric currents are amplified and re- 
corded as pulses on the microseismic recorder tape. 
Four such geophones were installed in the roofstone 
of the test room near the four corners where maxi- 
mum stress is most likely to occur. Each geophone 
makes a separate record. Minute rock noises can be 
detected by a geophone in solid ground from a 
radius of 50 to 70 ft. The recording from a geo- 
phone closest to a minor local disturbance will show 
greater frequency and intensity than one farther 
away. Disturbances of a general nature would be 
recorded nearly equal in frequency and intensity 
from all geophones. Records of the rock noises are 
made each day and the results tabulated. 

From a study of these data it has been possible 
to establish a definite noise level (number of noises 
per hour) pattern that gives a qualitative indication 
of the stress conditions in the test-room roofstone. 
The average normal noise level is less than five 
noises per hour. This average has been established 
from the seismic data recorded over a period of 
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several months between each widening of the test 

room. During these periods no mining activity has 

been conducted in the vicinity of the test room. 

Immediately after blasting in the test room or its 
vicinity and for a short period after each widening, 
the noise level has been as high as several hundred 
noises per hour. In all cases, so far, the noise level 
has dropped to the normal level within a few days. 
As long as this condition exists, the stresses are well 
within the elastic limits of the rock. If the noise 
level should suddenly start increasing or if it should 
fail to return to the normal level after blasting or 

. Widening, it could be assumed that the elastic limit 
of the rock was being approached. 


Subsidence 


It is an established fact that materials deform 
when subjected to stresses over long periods of time. 
This deformation, when smaller than a certain rate, 
does not materially affect the strength of the mate- 
rial. Laboratory tests have shown that shale has 
similar plastic properties. From these facts it was 
reasoned that the test-room roofstone would sub- 
side or sag to some extent because of its own weight 
and the pressure of overburden above it. Early in 
the test-room studies it was decided to measure this 
subsidence as accurately as possible and to correlate 
the subsidence rate with the seismic noise level and 
other stress data that could be obtained. 

The original subsidence station was installed to 
measure the sag in the immediate roofstone at the 
center of the room. Stainless steel studs were 
cemented into the roof and floor at the center of the 
room. Periodic measurements are taken between 
these two points with an extensometer (fig. 3), an 
instrument made of stainless steel with an Ames 
dial on one end and a thermometer for making 
temperature corrections at the time of reading. 
Measurements taken with this instrument are accu- 
rate to 0.001 in. As the test room was widened, it 
became apparent that two main factors were affect- 
ing the sag. One was due to the width of the open- 
ing, in which case the sag was immediate and 
relatively large. The other was due to plastic flow 
causing a fairly constant but relatively small sag. 

The greatest sag rate (0.13 in.) occurred between 
August 1 and August 25, 1947, when the room was 
widened from 60 to 70 ft. After widening, the rate 


Fig. 2—Engineer taking readings at microseismic 
recording station. 


(Photograph by U.S. Bureau of Mines) 


Fig. 3—Engineer making sag measurements with 
extensometer at Station “A.” 


(Photograph by U.S. Bureau of Mines) 


of sag decreased rapidly and stayed at a slow rate 
for several months, gradually decreasing with time 
and finally approaching zero. A graph of the sag 
from the time measurements were started to the 
end of 1949 is shown in fig. 4. 

The magnitude of the immediate sag during 
widening from 50 to 60 ft and from 70 to 80 ft was 
less than from 60 to 70 ft. The reason for this is not 
definitely known. It could be caused by the longer 
time element and greater number of blasts during 
widening from 60 to 70 ft. Evidently blasting pro- 
cedure has some effect on the sag. Exactly how 
much has not been determined. 

The total sag measured from November 1948 to 
January 1950 (the period after widening from 70 
to 80 ft) was only 0.10 in. 

Roof Sag and Noise-Level Correlation: Correla- 
tions were made between roof sag and noise level. 
It was found that with each increase in sag rate a 
corresponding increase in noise level was observed. 

Some typical noise levels compared to sag rates 
are shown in table IL. 

Apparent Thickness of Roofstone: From the sub- 
sidence data, the dimensions of the room, and the 
elastic properties of the roofstone, it was possible to 
calculate the apparent thickness of the roofstone by 
using the beam formula. Since there are several 
cracks running across the roofstone, using the beam 
formula instead of the plate formula will give re- 
sults toward a safer value and will also conform 
more with the actual conditions. 


From the beam theory 


p 
128E(d.—d,) 


L,*); 


where c % thickness of roof, 

p density of rock = 0.08 lb/in.", 

E Young’s modulus 3x10° Ib/in.’, 

d, deformation before increasing room 
width, 

d, deformation after increasing room 
width, 

L, room width before widening, 

L, room width after widening. 
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Fig. 4—Test room roof sag, 
Station “A.” 


For 50 to 60-ft widths, 
0.08 
“128x3x10°x0.03 
= 31.08 in. 2.58 ft, 
2, = 5.16 ft 


For 60 to 70-ft widths, 


0.08 
“128x3x10°x0.12 
c 10.68 in. = 1.64 ft, 
3.28 ft 
For 70 to 80-ft widths, 
0.08 
128x3x10°x0.1 


c = 88 in. 7.33 ft, 
2. = 14.66 ft 


(80' — 70°) 12°, 


Average of all three determinations 


Avg (5.16 + 3.28 + 14.66)/3 = 7.7 ft. 


¢ 3 


Fig. 5—Stratoscope and core 
log data from diamond-drill 
holes in test room roofstone 
showing location of cracks. 
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(60° — 50°) 12°, 


(70° — 60°) 12°, 


Differential Sag: To check this apparent thick- 
ness and locate any separation in the roofstone, dif- 
ferential roof sag measurements were started in 
July 1947. A special 12-ft extension stud was de- 
signed to fit into an AX diamond drill hole and to 
clamp into the roof 12 ft vertically up from the 
surface. Differential sag measurements were then 
obtained by subtracting the sag at the 12-ft level 
from the sag at the 0-ft level, thereby showing any 
separation that occurs between these two measuring 
points. Sag measurements 12 ft above the roofstone 
indicated that a maximum differential of 0.025 in. 
occurred during the middle of August 1947. This 
differential decreased with time, and at the end of 
1949 the separation in the roofstone layers was only 
0.002 in. This differential sag is only what has been 
measured. The separation is probably greater, since 
it is likely that separation to some extent occurred 
before differential measurements were started. This 
surmise is substantiated by other tests made in ex- 
amining bore holes in the test room, which will be 
explained later in this report. 

To supplement differential sag measurement, locate 
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separations in the roofstone accurately, and gain 
other important information, it was desirable to 
examine the roofstone layers in the test room 
visually. One way of doing this is by using an in- 
strument called a boroscope, with which vertical 
drill holes can be examined for cracks. An instru- 
ment of this sort, but called a stratoscope, was ob- 
tained from the Roof Control Section, Coal Mine 
Inspection Division, Bureau of Mines, College Park, 
Md. Seven vertical NX diamond drill holes averag- 
ing 21 ft in depth were examined, and photographs 
were obtained of cracks in the roofstone of the test 
room. 

A crack 2 ft above the roofstone was observed in 
boreholes 1, 2, 4, and 6 and in a small raise near the 
center of the test room. A crack 8% ft above the 
roofstone was observed in boreholes 2, 3, 4, 5, and 
6. Another crack 13 ft above the roofstone was ob- 
served in boreholes 2 and 4. Other minor cracks were 
observed in some of the bore holes, but correlations 
with other holes could not be made. A summary of 
these data together with core logs from the same 
holes is shown in fig. 5. 

Two drill holes 9 ft deep were examined in the 
roofstone of the Underground quarry. These were 
percussion drill holes, and the walls were rough, 
making it difficult to determine accurately the loca- 
tion of cracks, if any. There was some evidence of a 
small crack 2 ft from the roofstone in one of the 
holes. It is planned to repeat the examinations in 
boreholes in the Underground quarry roofstone at 
some future date. 


Stress Measurements 


In addition to the seismic and subsidence informa- 
tion, it was desirable to determine the absolute pres- 
sures in the mine structure. A method for obtaining 
these measurements was devised based on the theory 
of calculating the stress by the relief of strain. 

The procedure followed is to select a site relatively 
free from blasting fractures. A surface about 4x5 in. 
is made flat and smooth by sanding. An electric 
strain gauge of the Baldwin SR4-type is bonded to 
the surface (fig. 6), and a zero reading is obtained 
with a strain indicator. Using a specially designed 
diamond saw and with the gauge in place, a prism 
section about 3x4 in. to a side is sawed out, con- 
taining the gauge (fig. 7). A reading of the strain 
relief is then obtained (fig. 8). In the laboratory, the 
moduli of elasticity are determined from the sawed- 
out specimen. From the moduli of elasticity and the 
strain relief, the original stresses in the specimen 
are calculated. 

A number of strain measurements were made 
during 1949 in the oil-shale mine. Two types of 
measurements were made, one where the site tested 
was under compression and the other where the site 
was under tension. So far, all tension tests have 
proved unsuccessful, largely because tension was re- 
lieved by tiny cracks in the specimen. Compression 
tests, however, have yielded very encouraging re- 
sults. Many of the measure pressures obtained came 
within 10 to 15 pct of theoretically calculated values. 

For a 45° Rosette strain gauge where é,, e,, e, are 
the measured strains in the 0°, 45°, and 90° direc- 
tions, respectively, the principal strains are given 
by: 


e, A+B, 
e, A —B, 


Fig. 6—Engineer preparing to saw a strain speci- 
men from the test room roofstone. Strain gauge 
may be seen bonded to the roofstone. 


(Photograph by U.S. Bureau of Mines) 


2 Vile + (e,— es) 
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The principal stresses are given by: 
E (e, + ve,) 


1—, 


p= 


E (e, + ve,) 


Young’s modulus 
vy = Poisson's ratio 
The directions of the principal strains are given by: 


2e, — €, — 
tan 2 6,.4 = - ’ 
1— & 


where @,,, is the direction of e, and e, as measured 
from e, and where e, must make an angle of less than 
45° with the algebraically greater normal strain e, 
or @,. 

If a 60° Rosette strain gauge is used, slightly modi- 
fied formulas are employed for making the compu- 
tations. 

Before field tests were made at Rifle, Colo., labo- 
ratory tests were conducted at College Park, Md., 
during September and October 1947 to determine 
whether the above method was practical. 

Two blocks of different materials were used. One 
was an oil-shale block 7x7x10 in. and the other a 
marble block of the same dimensions. An SR-4 elec- 
tric strain gauge was cemented at the center of one 
of the faces of each block. Each block was indi- 
vidually loaded in a Baldwin Southwark compres- 
sion table to simulate a face in a mine under com- 
pression. A prism section containing the strain gauge 
was sawed out and the strain relief measured with 
a strain indicator. The moduli of elasticity were de- 
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Fig. 7—Strain specimen being removed from the 
roofstone after sawing. 
(Photograph by U.S. Bureau of Mines) 


termined by standard methods and the stresses were 
computed and compared to the applied stresses. Re- 
markable agreement was noted. The following table 
shows the results: 


Applied 

Rock Stresses, 
Type Lb per 
Sq In. 


Computed 
Stresses, 
Lb per 
Sq In. 


Marble 2430 2470 
Shale 2040 1980 


During 1948 and 1949 a number of field tests were 
made at Rifle, Colo., using practically the same pro- 
cedure as that employed at College Park, Md., ex- 
cept that stressed mine faces were used instead of 
the stressed blocks. Locations for the tests were 
selected where the stresses at the test position could 
be computed from the overburden and shape of the 
opening. Measured stresses could then be compared 
to actual stresses. Several tests had to be discarded 
because of breakage of the specimen while being 


Table I. Results Obtained in 10-ft Drift of Nearly 
Circular Shape 


Test Position TP-2 


Measured vertical compressive stress 
Static vertical compressive stress 
Stress concentration factor due to 
shape of opening 2.1 2.7 
Theoretical stress concentration fac- 
tor due to shape of opening 


680 psi 
328 psi 


894 psi 
328 psi 


Table HL. Results Obtained in a Long Raise of Square 
Shape with Rounded Corners 


Measured 

Vertical 

Test Stresses, 
Position 


TP-5 


Fig. 8—Instrument for measuring expansion or 
contraction of strain specimen. 
(Photograph by U.S. Bureau of Mines) 


sawed out. Several others have not yet been com- 
puted because of the difficulty in obtaining the elas- 
tic constants. The results obtained in a 10-ft drift 
of nearly circular shape are shown in table II. 

The results obtained in a long raise of square shape 
with rounded corners are shown in table III. 


Conclusion 


As a direct result of the information obtained from 
the roof studies and the mine-structure stress analy- 
sis, openings in the Bureau’s Experimental mine 
have been increased from 50 to 60 ft wide, leaving 
60-ft-sq pillars to support the overburden. 

It is planned to continue this phase of the research 
program and to improve the equipment methods and 
techniques so that more accurate data may be ob- 
tained. The test room is to be lengthened to 200 ft 
and widened in increments of 10 ft to determine the 
actual maximum safe roof span. Additional record- 
ing stations will be installed as the size of the room 
is increased. 

Instruments developed for measuring mine-struc- 
ture stresses will be installed in the Experimental 
mine to determine the roofstone behavior and the 
increase of pressure on the supporting pillars as the 
mine openings are advanced. From the information 
obtained over a period of time, it should be possible 
to predict what will happen in a large-scale com- 
mercial operation. 

The equipment and procedures for roofstone 
studies and mine-structure stress analysis developed 
by the Bureau of Mines should find wide applica- 
tion throughout the mining industry in predicting 
safe mine-structure design. 
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An Unusual Test 
Of the Accuracy Of 
Well-Surveying Methods 


by S. H. Williston 


T IS not often that bore hole surveys can be 
checked by actual civil engineering methods. A 
recent Arizona survey was checked by normal sur- 
veying methods and the comparison of the results 
should be of value to both oil and mining men. 

During the summer of 1948 the Phelps-Dodge 
Corporation, at its Copper Queen property near Bis- 
bee, Ariz., drilled a 1245 ft, 8 in. diam, churn drill- 
hole in a mineralized area and cased part of it, 
intending to use it to transfer mill tailings for stope 
fill. The hole, as frequently occurs, was not straight, 
and, in endeavoring to locate the bottom in the 
underground workings, they found no evidence of 
the hole at the underground coordinates directly 
below the surface location. 

The noise of the drilling tools was reasonably 
clear, but the direction of sound was uncertain. Pre- 
liminary tests with available equipment were not 
successful in locating the bottom of the hole. Be- 
cause of the mineralized character of the area and 
the fact there was some casing in the hole, any mag- 
netic method of well surveying would give results 
of doubtful value. 

Sperry-Sun gyroscopic well-surveying instruments 
were finally used to locate the bottom of the hole. 
These instruments consist of a gyroscope to determine 
azimuth and either a pendulum or bubble inclino- 
meter. A multiple shot camera photographs both 
instruments on a single film and superimposes the 
photograph of a watch. Coordination of depth with 
time at the surface makes it possible to select the 
corresponding picture for any depth. 

After making several runs of the empty instru- 
ment housing from the top of the hole to the bottom 
to make sure there were no obstructions in the hole, 
three surveys on wire line were completed during 
the afternoon. The three surveys, in which readings 
were taken at different points in the hole on each 
survey, were computed and gave the following loca- 
tions of the bottom of the hole in relation to the 
surface collar: survey No. 1—24.92 N, 30.30 W; sur- 
vey No. 2—24.24 N, 31.11 W; survey No. 3—26.54 N, 
27.72 W. Then the data from the three surveys were 
combined into a single set of calculations which gave 
a location for the bottom of the hole: combined sur- 
veys—24.27 N, 30.16 W. (Fig. 1.) 

Immediately upon the determination of the co- 
ordinates at the bottom of the hole, a drift on the 
1300 ft level was started toward the indicated loca- 


/BOO LEVEL LOCATED UNDERGROUND 
BOTTOM DEPTH OF (245 FT ELEY 
LEVEL ELEV 


MOTE CRCLES PRESENT 
SURVEY POTS AY SOFT 


SCALE - fin 0 FT 


COLLAR ELEV 5057.78 
Fig. |—Horizontal projection of survey churn 
drill hele No. 2@1. 
Coordinates and Elevations 
Lati- De- Ele- 
Lecation tude parture vation 
Collar 5657.71 12519.88 5052.78 
Bottom (surveyed from top) 5681.98 12489.72 
Depth of 1233 ft (surveyed 
from top) 
Depth of 1233 ft (located 
underground) 


Survey 
Ne. 1395 


5681.25 12480.64 
5684.16 12490.14 3820.86 


tion some 38 ft northwest of the coordinates of the 
surface location. The bottom of the hole was located 
within the drift round in which it was expected, and 
the transit survey run to the actual location of the 
hole indicated N 27.18, W 29.71. This shows a dis- 
crepancy between the well survey and the transit 
survey of 0.45 ft in the westerly direction and 2.91 
ft in the northerly direction. All surveys, both gyro- 
scopic and transit, fell well within the width of an 
ordinary drift. While this is satisfactory for almost 
any and all mining requirements, a theoretical exam- 
ination was made as to reasons for the discrepancy. 

A study of the course of the hole indicates that 
considerable right turn or spiral existed, and in all 
probability the surveying instrument was pulled out 
of alignment while traversing the turn by approxi- 
mately 0.05 ft at the top and another 0.05 ft in the 
opposite direction at the bottom of the instrument. 
If such an allowance were to be made, the survey 
calculations would almost exactly correspond with 
those determined by transit. This sort of discrepancy 
would be minimized by the use of stabilizing guides. 

It is unfortunate that physical laws probably 
effectively prevent the use of gyroscopic instruments 
in EX and AX diamond drill holes. The directive 
power of a gyroscope falls off inversely at some rate 
between the third power and the sixth power of the 
diameter. Present instruments can be run in casing 
5% in. ID or over and might be adapted to somewhat 
smaller diameters, but the difficulty of reducing 
these diameters to 1% in. or 2 in. is almost insur- 
mountable at the present time. 
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Preliminary Report of Massco Circuitron 


by Allen E. Craig, William J. Tait, and E. P. McCurdy 


The Circuitron herein described applies current from the classifier 
motor circuit and energy from the sound of grinding media to move an 
oscillating disc. The disc through a photoelectric cell controls the speed 
of the ore feeder and consequently the amount of ore delivered to the mill. 


HE Telluride Mines, Inc. at Telluride, Colo., is 

operating a flotation concentrator recovering 
lead, zinc, and copper with some gold and silver. The 
nominal capacity is 500 tons per 24 hr. The ore, 
which comes from several different mines, is charac- 
teristic of the district, changing from extremely 
tough rhodonite to soft gouge. The ore is crushed 
and washed, recrushed, and delivered to the mill 
bin at about % in. to serve as ball mill feed. 


Details of Grinding Circuit 


The material from the fine-ore bin is carried over 
a belt feeder driven by a Reeves vari-speed device. 
The belt discharges to a No. 86 Marcy ball mill, 
which operates in closed circuit, with jigs and a 
6-ft Dorr classifier. 

A. Massco density controller holds the density of 
the classifier overflow at a predetermined point. The 
overflow, which contains about 5 pct -+- 48 mesh, 
goes to the flotation section. 


Manual Operation 


Before the adoption of automatic control for the 
grinding circuit, this work was all done manually 
by the operator. The bin gate was set to deliver 40 
to 50 lb of ore per lineal foot of belt, and the speed 
of the belt was adjusted by the operator to deliver 
at the rate of about 500 tons per 24 hr. As the ore 
changed in hardness, specific gravity, or in the 
amount of moisture, or, as the size of the feed 
changed due to bin segregation, crusher setting, or 
other causes, the operator made corresponding 
changes in the rate of feed by manipulation of the 
Reeves control. Sometimes these changes occurred 
so rapidly that they caused sharp, pronounced 


surges, which created very considerable unbalance 
from normal conditions in the grinding circuit and, 
more critically, in the flotation section. Since it is 
not possible for the operator to anticipate or follow 
such changes closely, a very considerable unbalance 
from normal conditions may occur, which will re- 
quire a drastic change in the rate of feed. These 
surges upset the fineness of grind and interfere 
radically with the balance between tonnage and 
reagent control. All of this tends to reduce the grade 
of concentrates, increase the loss in the tailing, and 
thus decrease the recovery of values. 


The Circuitron 


Some years ago, The Mine and Smelter Supply 
Co., in conjunction with the operators at the Telluride 
Mill, undertook to build a device that would give 
close control of the rate of feed from the ore bin and 
to coordinate with this a related device that would 
regulate the amount of sand load on the classifier 
rakes. Emphasis was strongly laid on the fact that 
such a control must apply to the entire grinding 
circuit and must include the feed to the ball mill, 
the classifier sand return, and the density of the 
classifier overflow. If this could be done success- 
fully, we felt that the circuit could be operated 
under best possible conditions, with compensations 
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Fig. 1—Massco grinding circuit control. 


being made continuously for changes in feed charac- 
teristics and feed rates. Further, we felt that if 
changes occurred, they could be noted and regulated 
before they became too great and, consequently, 
corrections could be made more evenly and gradu- 
ally than could be done by manual control. Our 
desires in this respect have materialized, and the 
Circuitron has, in a very large manner, fulfilled our 
greatest hopes. 

The Circuitron maintains constant control at all 
times so that as changes become necessary they are 
immediately noted and regulated before any great 
unbalance occurs. The control is so positive and the 
changes in regulation are made so gradually that 
surges are entirely eliminated. There are, indeed, 
occasions when the ore changes so quickly that the 
regular adjustments are too small for compensation, 
and there is a tendency to overload the circuit. 
Under such emergency conditions, our Circuitron 
actually stops the feed belt for a short interval, 
which may be from 5 to 80 sec. This complete cut- 
off allows the Circuitron to regain control but does 
not last long enough to interfere with the otherwise 
smooth operation. The tremendous advantage of this 
device is its positive control and its ability to make 
necessary adjustments so gradually that they are 
hardly noticed in the general mill operation. This is 
not possible with manual operation as it is now gen- 
erally practiced. 

We call this device the Massco Circuitron. Its posi- 
tion in the grinding circuit is shown in fig. 1. We 
have experimented for a long time and now have 


developed a control using electronic tubes, which 
gives very sensitive regulation and trouble-free 
service for long periods of time. Tube replacements 
can be made as required with a minimum amount 
of delay or effort. Such replacements become neces- 
sary only after months of service. 


Control of Classifier 


It is possible to imagine a condition in the grind- 
ing circuit in which the ball mill may be noisy and 
calling for more feed, but the classifier is loaded so 
that additional feed will be detrimental. There is no 
point in feeding more ore to the circuit because by 
so doing we simply increase the circulating sands or 
deliver a coarser product to the flotation section. So 
it is of vital importance to control the amount of 
sands returned from the classifier as well as to regu- 
late the conditions existing within the ball mill it- 
self. Naturally, the control of conditions, both in the 
ball mill and in the classifier, is based ultimately on 
the control of the amount of new ore delivered from 
the bin. When we control the classifier, we do, in 
fact, also affect conditions in the ball mill and, con- 
versely, when we control the ball mill, we naturally 
affect conditions in the classifier. Nevertheless, two 
entirely separate sources of control are incorporated 
in our device to give control of the complete circuit. 

We take the energy from the classifier motor 
through a transformer to the current coil of a watt- 
meter. The current delivered to this wattmeter will 
vary depending on the sand load on the classifier 
rakes. The wattmeter is modified to use a spring 
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tension and to reflect this variation in oscillation 
rather than in rotation of its disc. If the sand load 
on the classifier is constant, the wattmeter disc, 
under spring control, will oscillate as the rakes move 
over a definite are an equal distance on each side of 
a central point. As the sand load increases or de- 
creases, the swing will be greater to one side or the 
other side of the center point as the pull of the cur- 
rent in relation to the pull of the spring becomes 
greater or less. 


Control of Ball Mill Load 


If a microphone is placed near the shell of the 
ball mill, the sound of the balls striking on the steel 
liners will generate a small amount of audio energy. 
There is, however, interference from conflicting 
sounds such as that given by the ball mill gear, 
repair work in the vicinity, and from other outside 
sources so that, for our purpose, it is essential to 
narrow the range of the microphone to select only 
the desired sound of the balls on the steel liners. 
This is done by insulating and shielding the micro- 
phone with the result that a very small voltage, 
about 1/10 of a volt, is picked up and transmitted 
to an amplifier to give a resultant 100 v. The 1/10 v 
picked up by the microphone represents a sound too 
small to be distinguished by the human ear. By 
amplifying this to 100 v, we increase the sensi- 
tivity of the instrument so that the necessary ad- 
justments and control can be made to a very fine 
point. 

After amplification, the current is rectified and 
the direct current component is used to control the 
output of a generator tube, which delivers an alter- 
nate current voltage to the potential coil of the watt- 
meter. This voltage is proportional to the sound of 
the ball charge in the mill. 


Operation of the Circuitron 


The wattmeter now receives current from the 
classifier motor and voltage from the mill sound as 
transmitted through the microphone. 

The wattmeter disc carries a steel shutter placed 
so that it will intercept a light beam which plays on 
a photoelectric cell. The photoelectric cell operates 
a two-pole, double-throw, heavy-duty relay. One 
section of the relay is used to change the direction 
of rotation of a reversible control motor, which 
operates the Reeves vari-speed drive on the feed 
belt delivering ore from the bin to the ball mill. 

The circuit is adjusted so that when the light is 
acting on the photoelectric tube the reversible con- 
trol motor will turn clockwise and increase the feed 
to the mill. When the shutter interrupts the light 
beam, the motor will turn counter-clockwise to re- 
duce the feed rate. When the mill is operating prop- 
erly, and no change in feed is required, the shutter 
will swing equal distances from the center so that 
the relay contacts are closed on one side and then 
on the other side and the Reeves control motor 
oscillates in balance. 

When the ore becomes softer or finer, the mill be- 
comes noisy, and the amount of voltage generated 
is increased. The torque, resulting from the increased 
voltage, is also increased to give a stronger pull 
against the wattmeter disc, and unobstructed light 
plays on the photoelectric cell for a greater part of 
the time to cause an increase in feed rate. As the 
mill becomes loaded again, and the voltage is re- 
duced, the torque is reduced and the shutter swings 
back to intercept the light and reduce the feed. 
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In a similar manner, as the sand load on the clas- 
sifier rakes increases, the amount of current drawn 
by the motor increases to pull the wattmeter shutter 
into the light beam and to reduce the feed. Con- 
versely, as the classifier sand load lessens, the cur- 
rent is reduced and the spring tension pulls the 
shutter out of the light beam to increase the feed. 


Overload Protection 


The double-throw relay actuated by the photo- 
electric cell has another pair of contacts which are 
wired to a thermal tube. When the light beam is 
interrupted, this tube acts as an overload unit. If 
the mill becomes overloaded to such an extent that 
it cannot be controlled in the usual manner, with 
enough rapidity for safety, then this overload thermal 
unit opens the electrical circuit to stop the feed con- 
veyor and actually cuts off the flow of ore to the 
mill for a few seconds. 


Circuitron Operation 


A typical log of the movement of the automatic 
control is tabulated below: 
8:30 a.m. Emergency cut-out 10 sec. Feed on 10 
sec., off 30 sec., on again, in balance, for 
5 min. 
. Off 10 sec., on, in balance, 10 min. 
. Coarse ore on the feed belt. Circuitron 
reducing feed. 


8:50 a.m. Feed still being. reduced, off 55 sec. 

8:53 a.m. Still reducing. 

8:55 a.m. Off 5 sec., on 10 sec., off 20 sec., on and 
balanced. 

9:05 a.m. Fine ore on the belt-Circuitron increased 
feed. 

9:10 a.m Feed increased to same proportion as at 
8:45 a.m. 

9:15 a.m. Control unit in balance. 

9:18 a.m. Reducing feed. 

9:20 a.m. Reducing feed. 


9:2la.m. Feed off 15 sec., then balanced. 
Conclusion 


The length of time over which this device has 
been performing satisfactorily is comparatively 
short, and we have not had a full opportunity to 
gather any amount of operating detail. 

We do know definitely that the Circuitron gives 
the following advantages: (1) Surges are eliminated, 
and necessary changes in feed rates are brought 
about gradually, (2) operating labor is reduced to a 
very marked degree, (3) tonnage is definitely in- 
creased. 

From future study, we hope to gather data which 
will indicate the amount of tonnage increase. We 
hope, also, to prove an increase in the value of con- 
centrate and a reduction in tail loss, thereby proving 
that the Circuitron will pay for itself in a reasonable 
time. 
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Conductance Electrostatic Separation with Convective Charging 


by Foster Fraas and Oliver C. Ralston 


IRTUALLY all commercial use of electrostatic 

separation has employed separators depending 
on differences of conductance of the broken, solid 
mixtures treated by them. The two main types of 
conductance separators have been: (1) Those in 
which the separating field is as near a static field 
between two charged electrodes as it is possible to 
maintain in the face of the usual leakage that takes 
place between electrodes with some 5 to 50 kv ten- 
sion between them and spacing of % to 3 in.; (2) 
those in which a convective discharge of corona or 
spray type, but not a spark discharge, takes place 
between the carrier electrode and a charged elec- 
trode facing it, which is of very restricted area, such 
as a row of needle points or a small diameter wire 
parallel to the face of the carrier electrode. The 
present paper deals with this latter type. The princi- 
ple is usable in separators where the carrier elec- 
trode, usually grounded, has the shape of a roller, 
a conveyor belt, a vibrating table, a sloping chute, 
or a nearly vertical plate. The innovation studied 
by us has been the use of the convective field for 
charging material on the carrier electrode and suc- 
ceeded by a field between the carrier electrode and 
an electrode made of a true dielectric which cannot 
take on a charge by conduction but is charged by 
being in the radius of the corona discharge. The 
acquired charge is of the same sign as that of the 
corona but is not dischargable by contact with a 
good conductor. However, high-tension charge 
tends to leak off because of the ionization of the 
ambient air. The field between this electrode and 
the carrier electrode is as near static as it is possible 
to obtain. There are some differences in behavior of 
this electrode and that of the gas tube electrode used 
by Sutton, as will be discussed below. Both elec- 
trodes cause increased adhesion of nonconductive 
particles to the carrier roll. The particles are pinned 
there because they are convectively charged on their 
outer surfaces facing the corona electrode. The 
electrodes also cause increased rate of release of 
conductive particles tending to be pinned by corona 
charging but conveying the charge to the grounded 
carrier roll almost as rapidly as it is received by the 
particles. 
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The sign of the potential on the corona-emitting 
electrode makes little difference in the separation. 
An electrode usually emits negative corona some- 
what more easily than it emits positive corona, as 
electrons are then the fundamental particles 
emitted. With a positive electrode the flow of elec- 
trons involved in positive corona discharge is onto 
the electrode from the ambient gas. 


Theory 


In the separator illustrated in fig. 1, the nonioniz- 
ing electrode is a rotating, nonconductive dielectric 
cylinder designated as B. The ions emitted by the 
corona electrode, or wire F, charge both the particles 
on the carrier electrode, or roll A, and the surface 
of the dielectric electrode B. Whereas the space be- 
tween roll A and wire F contains ions, the space 
between electrode B and roll A is a pure static field 
free of ions. 

The dielectric electrode has been described by 
Bullock. However, the corona electrode, which 
Bullock uses for the purpose of charging only the 
dielectric electrode, is adapted here to also charge 
the particles on the carrier roll. 

In operation the ionic field from the corona elec- 
trode is balanced with the static field from the di- 
electric electrode. The ionic field charges the parti- 
cle so that it adheres to the roll. The static field 
intensifies the discharge of the corona charge by 
interfacial conduction and permits the release of 
the particle. The ionic and static fields therefore 
have opposing effects.” The values of both fields are 
adjusted so that the poor conductor will adhere and 
the good conductor will be released. 


charged wire electrode 


shaking feeder «fo 
E Ry 


grounded corrier 
electrod 
(conductive) 


Giwider 


Fig. 1—Diagram of separator. 
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The intensity of both fields may be increased with 
this balanced adjustment, but the upper limit is fre- 
quently determined by the static field. With the di- 
electric electrode there is no spark discharge to 
interrupt the separation and no back deflection of 
conductive particles which may strike it. The di- 
electric electrode permits the establishment of a 
static field intensity that is higher than that possible 
with metal or conductive electrodes. 

By increasing both the static and ionic fields under 
these balanced conditions, the efficiency of the 
electrostatic separator is increased. A proof of this 
follows. 

The electrical action occurs in two stages, a pre- 
liminary stage in which the particles are charged by 
the corona, and a second stage where the particles in 
contact with the roll pass through the static field 
between the dielectric electrode and the roll (fig. 1). 
In the second stage the particles loose their corona 
charge at the rate: 

dQ 
e 


—(Qr + Qs) K 


a constant charge proportional to F. 


: field intensity on the carrier electrode in 
the zone of separation resulting from the 
dielectric electrode. 


= initial corona charge proportional to ro. 
particle radius and electrostatic capacity. 
surface density of corona charge. 
= interfacial area and conductivity. 


= time 


= —Qr + (Qr + Qn) e* 


The signs were determined so that at t=0, Q=Q,, 
and at t= ~, Q=—Q,. During corona-charge loss, Q 
decreases from the value Q,, passes through zero, 
and attains the value —Q,. Q,r and Q, have the 
same polarity. The final value of Q is of opposite 
polarity. The rate of loss of charge Q increases with 
the increase in Q, and Q,. Similarly the rate of 
change of Q with respect to the change in C in- 
creases with the increase in Q,; and Q,. 


, (Ref. 2). 


sce 
(Qe + Q) —-e 
ac K 

This relationship proves the statement that the 
highest efficiency is secured when the ionic and 
static field strengths are balanced at their highest 
intensity. In calculations the system of units must 
be considered. 

The motion of a particle on the grounded roll is 
controlled by the opposing electrostatic and centri- 
fugal forces f, and f.. 

Q 


= bra 


. outside of field F 
(2ir) 


f. = QF + Q 
2ir) 


cr’ p (w R 


ar’oF + br’o’; in field F. 


g cos 4) 
where: 
i charge to image distance correction 
factor 


= roll angular velocity and radius 
= density of particle 


= proportionality constants which include 
shape factors 


angle between verticle and line through 
particle and shaft center line 


= acceleration of gravity. 


The equation for fe would be modified with other 
types of carrier electrodes. 

In the field F, the corona-charged particle has a 
greater adhesion to the roll than out of the field. 
When the particle is in the field but off the roll, the 
attraction toward the roll is less than when the 
particle is on the roll. This is an explanation for 
the violent ejection of the conductors from the roll. 
A great force of adhesion, if present momentarily 
with the conductive particles, is a factor contribut- 
ing a favorable interfacial surface conductance. 

If for a given particle size the separator is ad- 
justed so that for the nonconductive particle f, = f., 
then for all larger particles, f,<f., and for all 
smaller particles, f. > f.. The correct procedure is 
to select an adjustment so that f, = f. for the maxi- 
mum nonconductor particle size. Actually this ad- 
justment is made relative to the position of the 
dividing edge (G, fig. 1) and not with respect to re- 
lease from the roll. 


Table IL. Beneficiation of Hematite Ore 


Assay by 

Particle 

Number, 
Hematite, Pet 


Chemical 
Assay, 
Fe, Pct 


Weight, 
Fraction Pet 


Concentrate 82.7 
Rejects 7.3 
Cemposite 100 


Table Il. Size Analysis of the First Roll Hematite 
Concentrate 


Fraction Mesh Size 20 + 35 
Weight, Pct 42.7 


In the separation of a mixture of a conductor and 
a nonconductor where the conductivities are highly 
divergent, all the particles of the conductor, both 
coarse and fine, will lose their corona charge and be 
deflected before the nonconductor particles are re- 
leased. This is illustrated with crushed quartz- 
pyrite. 

When the conductivities are not highly divergent, 
the corona charge loss rates from the two constitu- 
ents become competitive. Such a condition arises 
even though there is still a large difference in the 
specific conductivities of the compact crystals of the 
two constituents. This results from the probability 
factor in the conductance at the particle-roll inter- 
face. Measurement has shown that the electrical 
charges acquired by galena particles on a copper 
carrier roll with a static field are distributed as a 
logarithmic function of the normal probability law. 
Galena is a comparatively good conductor. The 
charges were measured as each particle fell through 
a Faraday cage, which was connected to an FP 54 
thermionic electrometer tube, a direct current 
amplifier, and a high-speed recorder. 
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4 
®, R 
13 
where: 
o 
: | Fe, Pet 
97 67.7 90 
| Q Pe 78 62 100 
35.7 11.2 10.4 100 
: 
; 
a 


A frequency distribution of charging rates may 
result from either variations on each particle or 
variations between particles. The former has been 
demonstrated with straight-line probability plots. 
With the latter, some particles may have, by chance, 
a low conductance surface exposed. Regrinding 
would yield a new distribution. 

In general, all factors that may improve the inter- 
facial surface conductance, such as good contact and 
the cleaning of the carrier roll, have an influence on 
the efficiency of the separation. 

When the conductivities are not highly divergent 
and the adjustments are made so that, f, = f., a high 
purity cut can be taken of the good-conductor frac- 
tion but not of the poor-conductor fraction. Fine 
good-conductor particles will always be found with 
the coarse and fine poor-conductor particles. Size 
classification is required for removing a high purity 
cut of the poor conductor. 


Application 


Although the performance of the separator may 
be illustrated with a variety of ores, the results 
with those containing locked particles is most sig- 
nificant. 

The repulsion effect of the high intensity static 
field on the corona charged nonconductors is suffi- 
cient to cause the firm adhesion of locked particles 
of conductor and nonconductor to the carrier roll. 
The corona-charged nonconductor portion cannot be 
discharged, although the conductor portion may be 
in contact with the roll. Such a response has previ- 
ously been suggested by J. L. Gilson. 

The poor-conductor fraction will contain there- 
fore all the locked particles. Since the separator 
capacity is highest at the coarsest size, it is good 
practice to separate initially as much of the coarse 
good-conductor as possible. A most efficient separa- 
tion is secured by the following procedure: 

1. Remove unlocked good-conductor particles at 
the coarsest size. 

2. Grind the undeflected residual mixture of 
locked particles, nonconductor particles and low- 
probability good-conductor particles to finer sizes, 
and repeat the separation. 

Table I and fig. 2 summarize the results with a 
quartz-hematite (specular) ore from Lyon Moun- 
tain, N. Y. The carrier roll and dielectric electrode 
had diameters of 6 and 3 in., respectively, and rota- 
tion speeds of 150 and 300 rpm. A simple form of 
the dielectric electrode consists of a methyl] metha- 
crylate plastic tube (0.13-in. wall thickness) placed 
as a close fit over a precision metal tube. Corona 
wires having diameters from 0.003 to 0.01 in. and 
potentials up to 100 kv are satisfactory. 

The feed rate was 0.15 ton per hr per ft length of 
roll. Higher rotation speeds and feed rates up to 
0.25 ton per hr per ft length of roll were used with 
some sacrifice in grade and recovery. The feed and 
the separator were heated to counteract the effects 
of high humidity. 

Laboratory batch tests were conducted on a single 
roll separator with the subsequent products carried 
through the flowsheet steps of fig. 2. Here a single 
roll will remove a large portion of the unlocked 
particles of hematite from the —20-mesh grind. 
Another single roll removes the unlocked particles 
from the —35-mesh and another two rolls most of 
the particles from the —65-mesh grind. 

The corona electrode at the first unit was close to 
the carrier roll. On the succeeding units, it was 


1000 g (20 mesh) feed 
“501g ——— 
grind 239g 
classify —+ (* 35 mesh) 
\ 225 9 ————4 


grind 150g 
clossify —> (*65 mesh) 


“90 g—— 


Fig. 2—Flowsheet 
for hematite ore. 


concentrate 
827g 


rejects 
1739 


withdrawn from the rol] as the particle size de- 
creased. The dividing edge setting at the last three 
units was close to the roll, and at the first unit, far 
from the roll. Although a small proportion of low- 
probability conductors depends on particle size, the 
major portion of the feed is removed with coarse 
and fine sizes combined. This is shown in table II 
by the size analysis of the product from the first roll. 

An important feature of this separator is that the 
product from each roll is a finished concentrate re- 
quiring no recleaning. 

Ilmenite, high-iron chromite, and magnetite have 
conductivities which correspond to specular hema- 
tite and yield equivalent results. Low-iron chromites 
have lower conductivities, and when associated with 
diopside and serpentine having apparent conductivi- 
ties higher than that of quartz, size classification of 
the fine fraction is required. Commercial operation 
would require air or an electrostatic method for 
classification at sizes finer than 20-mesh. Electro- 
static sizing will be discussed in a later paper. 

The 0.018-in. diam steel stirring wires shown 
in fig. 1 were not used in the test described in this 
paper. They increase the separation efficiency with 
rutile-zircon mixtures and are more effective with 
fine than with coarse material. The principle in- 
volved is repeated and higher pressure contact of 
the particles with the roll. Vibration of the carrier 
electrode or periodic interruption of potential ap- 
plied should have a similar effect. 

A separator is described in which a dielectric 
electrode and the particles on a carrier roll are 
simultaneously charged by corona. The character- 
istics and the procedure for operating the separator 
on step crushed ores are detailed. 
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Pilot-Plant Investigation of Concentration of 


Blackbird Cobalt Ore by Roast-Flotation Process 


Zimmerley and S. Ff 


High-grade cobalt concentrates were produced from the complex 
Blackbird ore with very good recovery in continuous pilot-plant opera- 
tions in which a low-grade bulk cobaltite-pyrite flotation concentrate 
was roasted in a multiple-hearth furnace to oxidize the pyrite selectively. 
The cobaltite was floated from the resulting calcine. 


HE existence of the cobalt-copper deposits in 

the Blackbird district, Lemhi County, Idaho, has 
been known for many years. However, these de- 
posits have not yet been exploited successfully be- 
cause of the low grade of the ore, absence of infor- 
mation on ore reserves, and lack of feasible methods 
for concentrating and recovering cobalt from the 
ore. 

In 1941, when it appeared that World War II 
might interfere seriously with imports of cobalt 
from overseas, the U. S. Bureau of Mines started 
an extensive mining and metallurgical investigation 
of the Blackbird deposits. Exploration by trench- 
ing and drilling’ indicated that ore reserves were 
adequate to warrant consideration of large-scale 
exploitation. A process for producing high-grade 
cobalt concentrates from the ore was developed 
at the Salt Lake City Station of the Bureau,’ and 
hydrometallurgical procedures for producing cobalt 
metal or oxide from the concentrates were de- 
veloped at the Boulder City Station.” The Howe 
Sound Co., through a subsidiary, the Calera Min- 
ing Co., carried out further exploratory work, which 
increased probable ore reserves to a tonnage com- 
mensurate with a large investment in mine, mill, 
transportation facilities, and refinery. Simultane- 
ously, the metallurgical staff of the company, work- 
ing in cooperation with the Bureau of Mines, further 
investigated the metallurgical problems. It was 
the opinion of both groups that pilot-plant testing 
was required to translate laboratory results into 
plant operation. 

In general, the Blackbird ore has a high content 
of pyrite and some pyrrhotite and contains 0.5 to 1 
pct cobalt and 1 to 2 pet copper, which are present 
essentially as cobaltite and chalcopyrite. The 
copper can be recovered readily as a high-grade 
concentrate by selective flotation. The cobalt then 
can be recovered as a bulk sulphide concentrate 
assaying 4 to 5 pct cobalt, but no satisfactory pro- 
cedure for separating the cobalt from the pyrite 


and pyrrhotite directly by flotation had been found. 

The method developed by the Bureau for produc- 
ing a high-grade cobalt concentrate is essentially 
an application of the old Horwood process of selec- 
tive roasting.. The bulk sulphide concentrate is 
roasted to form an oxide coating on the iron mineral 
particles, and the calcine is then treated by flotation. 
The oxide coating prevents the iron minerals from 
floating so that it is possible to obtain a high re- 
covery of cobalt in concentrates assaying more than 
20 pet cobalt. 

Laboratory tests by metallurgists of both the 
Bureau and the Howe Sound Co. had indicated the 
optimum roasting temperature to be 425° to 450°C. 
At lower temperatures the rate of oxidation of the 
iron minerals is too low, whereas at higher tem- 
peratures substantial quantities of cobalt are ren- 
dered water-soluble. Because of its high sulphur 
content (35 to 40 pct), the bulk concentrate tends 
to continue to burn after it has reached the optimum 
roasting temperature. Although excessive tempera- 
tures could be avoided in the small-scale laboratory 
furnaces, there was considerable doubt that the 
temperature could be controlled properly in in- 
dustrial equipment. 

To provide material for the pilot-plant tests, the 
Calera Mining Co. installed a small, temporary flota- 
tion mill at the Blackbird property and treated 
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Table L. Results of Continuous Campaign 


Caleine Assay, Pet 


Co Fe Ss 


Sulphur Co Assay, Pet Ce Distribution, Pet* 
Elimi- 
nated, 


Pet? 


Cenc. 


Vals 


Roasting Underroasted Calcine: 5.5 pet Co, 10.0 pet Fe, 34.5 pet 5 


| 5.2 43.0 22.5 


61 46 44.0 23.2 


R ti Flotati Middli : 4.2 pet Co, 40.9 pet Fe, 31.5 pet 8 


| 


51 | 
| 


22.9 45 


50 219 49 


* Including recycled flue dust, which constituted 6 to 12 pet of feed in all periods except No. 7 
* Calculated from iron and sulphur assays of bulk concentrate and calcines 


© Exclusive of dissolved cobalt in mill solutions 


(0.6 to 2 pet of total cobalt) 


« Feed consisted of approximately 38 pct bulk concentrate and 62 pct flue dust 


350 tons of ore, producing about 50 tons of bulk 
cobalt concentrates assaying approximately 4.5 pct 
Co, 37 pet Fe, 39 pct S, and 0.45 pet Cu, which were 
shipped to the Salt Lake City Station of the Bureau. 
Pilot-Plant Equipment and Procedure 

Roasting: The bulk concentrate as received was 
too wet and lumpy to feed uniformly to the roast- 
ing furnace. Therefore, it was air-dried and screened 
through 10-mesh.The + 10-mesh lumps were allowed 
to air-dry for a day or two and then were crushed 
and returned to the screen. 

The bulk concentrate was roasted in an experi- 
mental Herreshoff furnace, which was 6% ft high, 
3 ft in diameter inside the refractory lining, and 
equipped with eight roasting hearths. The effective 
hearth area was 49 sq ft, and the time required 
for the charge to pass over each hearth was 10 
to i5 min. The actual temperature of the material 
on each hearth was determined by means of a 
bare-junction thermocouple inserted by hand 
directly into the charge. The furnace gases passed 
first through a cyclone dust collector, then through 
a venturimeter for measuring the volume, and 
finally through a fan to the stack. The flue dust was 
mixed with incoming bulk concentrate and re- 
turned to the furnace. 

Flotation: The calcine was fed at the rate of ap- 
proximately 300 lb per hr to a conditioning tank, 
where it was mixed with water to give a pulp 
density of about 30 pct. An aqueous emulsion con- 
taining 0.4 to 0.5 lb Minerec A and 0.05 lb B-23 
(stabilized with 0.03 lb Syntex M) per ton of cal- 
cine was added at the conditioner. The pulp then 
flowed through the mechanically agitated flotation 
cells. The first two cells produced a rougher con- 
centrate, which was cleaned in a third cell, the 
cleaner tailing being returned to the first rougher 
cell. The rougher tailing was retreated in a scaven- 
ger cell to produce a middling product and a tail- 
ing; approximately 0.1 lb of additional collector and 
0.05 lb B-23 per ton of calcine were used in the 
scavenger circuit. The middling product, which 
had approximately the same cobalt assay as the 
original bulk concentrate, was air-dried and stored 
for reroasting. 


Flotation was carried out at the natural pH of 
the pulp which, with properly roasted calcine, was 
3.5 to 4.0. The mill solution also contained 0.15 to 
0.4 g of cobalt, up to 0.2 g of copper, and about 4 g 
of iron per liter. Very sensitive chemical tests were 
made for arsine and hydrogen sulphide in the exit 
air from the cells, but none was detected. 


Experimental Results 


To obtain operating information needed for a 
continuous campaign, the furnace was operated in- 
termittently for the first two weeks. It was found 
that burning of the charge could not be confined 
to the upper hearths by ordinary furnace manipula- 
tion. Burning gradually advanced downward so 
that the calcine was discharged at 450°C or higher 
and continued to burn in the storage piles. 

Laboratory tests on various portions of calcine 
showed that if the calcine is either quenched from 
roasting temperature or allowed to cool in the 
absence of air, virtually no selectivity is obtained 
in flotation. Above 425°C the rate of oxidation of 
the first atom of sulphur in the pyrite is apparently 
much greater than that of the second so that the 
surfaces of the particles consist essentially of FeS 
(or artificial pyrrhotite) and unaltered cobaltite, 
both of which float readily. However, if the burn- 
ing calcine is cooled slowly to below about 320°C, 
burning ceases and the FeS is oxidized to iron oxide, 
as evidenced by a change in color from gray to 
red. The pyrite particles thus are made nonfloatable, 
and very good selectivity is obtained in flotation. 

In view of these results, it was decided to con- 
trol the cooling entirely within the furnace by 
means of water sprays in order to maintain a 
maximum charge temperature of about 450°C and 
a discharge temperature below 300°C. The furnace 
was rabbled out, and feeding was resumed at a 
relatively low rate. By supplying a small amount 
of heat at hearth 3 and injecting a fine spray of 
water at intervals as needed on hearths 4 to 7, the 
following average temperature distribution in the 
material on the various hearths was readily main- 
tained: hearth 2, 408°C; 3, 459°; 4, 456°; 5, 419°; 6, 
414°; 7, 340°; and 8, 265°. Introduction of air into 
the furnace was controlled by means of the doors 
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| 
Rate, Time, 
Period | LbperHre Hr Cone Mid Tail Mid Tail. 
Roasting Bulk Concentrate: 4.5 pet Co, 36.6 pet Fe, 38.9 pet 5 f 
1 118 24 40.7 23.9 45 2 
2 170 28  §.1 40.1 279 35 2 
3 187 52 | 5.0 40.3 30.3 =| 29 1 ; 
4 | 195 92 5.0 39.8 29.4 | 30 
5 | 169 64 | $0 41.5 26.7 39 2 
6 | 172 76 | 5.0 41.9 25.7 42 2 
7 172 40 5.4 37.0 20.4 48 | 3 
| 169 | | 0.58 81.3 8.8 99 
| 


i 


on the two bottom hearths; all the other doors 
were kept closed. 

This method of operation immediately gave very 
good flotation results. The furnace was operated 
continuously in this manner for the duration of the 
campaign, about 1 month. The feed rate was varied 
at intervals to determine the optimum furnace 
capacity. Toward the end of the campaign, under- 
roasted calcine produced in the preliminary opera- 
tions and the accumulated middling product from 
flotation were roasted. The flotation mill, which 
had a somewhat higher capacity than the furnace, 
was operated an average of about 12 hr per day. 
The data obtained are summarized in table I and 
are discussed below. The nine periods listed were 
consecutive and cover the entire continuous 
campaign. 


Treatment of Bulk Concentrate 


The grade of concentrate was 23 pct cobalt at 
the minimum feed rate of 118 lb per hr (period 1), 
dropped to 21.7 pct when the feed rate was increased 
to 170 lb per hr (periods 2, 5, and 6), and dropped 
further to slightly less than 18 pct at a feed rate of 
about 190 lb per hr (periods 3 and 4). Sulphur 
elimination from the bulk concentrate averaged 45, 
39, and 30 pet, respectively, for the three feed rates. 

In general, 81 to 88 pct of the cobalt was re- 
covered in the concentrate at a grade of 18 to 23 
pct; 6 to 11 pet was recovered as a middling product 
assaying 3 to 5 pet; and 5 to 8 pct was lost in the 
tailing, which assayed 0.4 to 0.65 pct. In addition 
to the tailings loss, 0.6 to 2 pct of the cobalt was 
lost as dissolved cobalt, as determined by occasional 
analyses of the mill solutions. 

At the beginning of the continuous campaign, the 
only spray nozzle available was one that produced 
a conical spray so that some of the water impinged 
directly on the charge. At the start of period 6, this 
nozzle was replaced by ‘one that formed a fan- 
shaped mist so that much less water came in con- 
tact with the charge before vaporizing. An increase 
of 1 pct in grade in period 6 as compared to period 
5 may have been caused by this change. The 
average quantity of water used throughout the 
continuous campaign was 220 lb per ton of feed. 


Flue Dust 


Although most of the flue dust was recirculated 
to the furnace with incoming bulk concentrate, a 
considerable quantity was on hand at the end of 
period 6, when nearly all the bulk concentrate had 
been roasted. This dust was mixed with the remain- 
ing bulk concentrate, and the mixture, consisting of 
62 pct flue dust and 38 pct bulk concentrate, con- 
stituted the feed for period 7. The data in table I 
show that this feed gave nearly the same results 
as had been obtained previously. However, 22 pct 
of the weight of the feed during this period was 
collected as flue dust in the cyclone. 


Treatment of Flotation Middling 


By the end of period 8, nearly 5 tons of middling 
flotation product had been produced. This product 
had an average analysis of 4.2 pet Co, 40.9 pct Fe, 
and 31.5 pet S, and thus was similar in analysis to 
the original bulk concentrate except for its some- 
what lower sulphur content. It constituted the feed 
for the last period of operation of the pilot plant 
and gave a very good grade of concentrate—21.9 
pet. Recovery in the concentrate, 81 pct, was slightly 
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less than in the treatment of the bulk concentrate; 
loss in the tailing, 9.9 pct, was slightly higher. 


Conclusions 


The following data for period 6 are probably 
representative of the results that would be obtained 
in plant practice. Taking into consideration the 
soluble cobalt loss (0.6 pct), about 84 pct of the 
cobalt was recovered at a grade of nearly 22 pct, 
10 pet was recovered as a middling product, and 
6 pct was lost in the tailing and in the mill solutions. 
On retreatment of the middling, about 9 pct of its 
total cobalt content, or slightly less than 1 pct of 
the cobalt in the original bulk concentrate, was 
lost; the remainder eventually would be recovered 
at a grade of approximately 22 pct. It is probable, 
therefore, that an over-all flotation recovery of 
93 pct of the cobalt at a grade of about 22 pct could 
be expected in commercial operation. 

The total feed rate to the furnace during period 
6 was 3.5 lb per sq ft of hearth area per hour. On 
this basis, the capacity of a 21-ft, 8-hearth furnace 
would be approximately 100 tons of feed per 24 hr. 
Assuming a 20-pct circulating load of flue dust and 
middlings, the net capacity would be about 80 tons 
of bulk concentrate per day. 

The flotation cell capacity (including cleaning) 
was 1.9 tons of calcine per cu ft per 24 hr. Allow- 
ing for a 15-pct loss in weight during roasting and 
a 10-pct circulating load of middlings, the net flota- 
tion capacity in terms of original bulk concentrate 
would be about 2 tons per cu ft per 24 hr. 

The results of this investigation indicate that the 
roast-flotation process is technologically feasible for 
treatment of the Blackbird ore and that the princi- 
ple of preferential oxidation induced by heat may 
warrant consideration for the preparation of other 
complex and refractory ores for beneficiation by 
flotation. 
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Kerosine Flotation of Bituminous Coal Fines 


by L. E. Schiffman 


This paper describes the operation of two kerosine flotation plants in 
Alabama for cleaning —10 mesh bituminous coal. One plant treats 
washer sludge, the other raw coal. Data on capacity efficiency and 
capital and operating costs is given. Methods for increasing cell capacity 

are discussed. 


N cleaning coal it has long been recognized that 

methods which give excellent results for the 
coarser sizes may give poor or even no cleaning for 
the finer sizes. Effective cleaning of the fines, there- 
fore, is usually a separate and distinct problem. For 
many years the problem of fines was considered of 
relatively minor importance. Now there is growing 
interest in methods of cleaning the fine sizes of coal 
because: 

1. There are more fines. Increasing mechaniza- 
tion and the adoption of full seam mining methods 
have resulted in the production of a greater per- 
centage of smaller particles than were produced by 
hand loading methods. 

2. The fines have deteriorated in quality. The 
same causes that have led to increased quantity 
have also operated to decrease quality through 
greater contamination with slate, rock, and other 
diluents. 

3. The fines have become more valuable. When 
coal was comparatively cheap, loss of the finer sizes 
was tolerated but, with the rapid increase in the 
cost of mining coal, it has become imperative that 
the maximum amount of clean coal be recovered 
from the mixture of coal and rock delivered to the 
tipple. 

4. In many cases, the fines have become a stream 
pollution problem. Increasing governmental activity 
and legislation to prevent stream pollution often 
have made it necessary to retain the fine material 
which formerly was permitted to escape with the 
washer effluent into flowing streams. 


The Sloss-Sheffield Steel and Iron Co. operates 
four coal mines, all within a 20-mile radius of Bir- 
mingham, Ala., with a total annual production of 1,- 
250,000 tons of washed coal. Three of these mines 
are in the Mary Lee seam and one in the Jefferson 
seam. Although some steam and domestic coals are 
produced, the major portion of the coal is used to 
make coke for blast furnace operation. Fine coal is 
desirable for coking, and all the coal so used by 
Sloss is crushed to % in. Therefore, there is no 
problem of an outlet for even the finest sizes of coal. 
Since the coal is used for metallurgical purposes, 
low ash is of greater importance than would be the 
case if it were used for steam generation or domestic 
heating. Based on present blast furnace practice at 
Sloss, it is calculated that each percentage of ash 
in the coal carries a penalty of $0.22 per ton of 
coal. Thus there is a considerable margin for operat- 
ing costs in a fine coal cleaning method that will 
result in materially lowering the ash content of the 
cleaned coal. 


Development of Fine Coal Cleaning Problem 


In 1942 Sloss reopened its Bessie mine and con- 
structed at this location a new preparation plant 
to clean 1% in. x 0 coal from the Mary Lee seam. 


L. E. SCHIFFMAN is Electrical Engineer, Sioss- 
Sheffield Steel and Iron Co., Birmingham, Ala 

AIME New York Meeting, February 1950 

TP 2918 F. Discussion (2 copies) may be sent to 
Transactions AIME before Nov. 30, 1950. Manuscript 
received Jan. 13, 1950. 
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Fig. 1—Separation of coal from rock made by jig. 


Ash content of sized coal. Screen analyses of Flat Top coal, 
average samples Dec. 1 to 8, 1944. 


A McNally Norton (Baum type) five-compartment 
primary jig and a similar two-compartment second- 
ary jig were installed. Contrary to the company’s pre- 
vious practice, the installation included 1-mm screens 
for dewatering the washed products and a sludge 
settling tank for recovering the solids in the screen 
underflow. With this plant in service, the —l-mm 
fines became separately available prior to mixing 
with the coarser coal. Samples analyzed for ash 
then revealed a fine coal cleaning problem because, 
with the coarser coal having an ash content of about 
10 pet, the sludge ash was about 15 to 20 pet. 

In 1943 Sloss installed new washing equipment 
at its Flat Top mine to clean 1% in. x 0 Mary Lee 
coal. Jigs duplicating those just installed at Bessie 
replaced six American (plunger type) jigs. Unlike 
Bessie, dewatering equipment for the primary coal 
was not included. Contrary to expectations, when 
the new equipment went into service, the ash in the 
primary coal was higher than it had been with the 
old equipment. Six months of investigation, testing, 
and adjustment followed. At the end of this period 
the ash was not appreciably lower, but the cause 
for the higher ash had been determined. In the old 
plunger jigs the fine coal, rock, and slate found 
their way into the hutch and, since the hutch dis- 
charge was wasted, did not appear in the finished 
product. In the new primary Baum type jig, the 


fines, including that portion of the rock and slate 
not removed by the jig, 
coal. Sink-and-float 


washed 
screen 


remained in the 
tests together with 
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analyses of the jig products indicated that down to 
14-mesh the jig did a good job, down to 35-mesh, 
a fair job, and below 35-mesh, a poor job. The 
effectiveness of the jig in turning out a slate-free 
product is shown in fig. 1. The —35-mesh coal is 
about 10 pct of the total primary coal. Even with 
the increase in ash, it is obviously an advantage to 
retain this amount of coal that previously had been 
largely wasted, but, with the acquisition of these 
added coal fines, there also was acquired a fine coal 
cleaning problem. 


Experimental Cell Installations, Bessie 


Thus it became established definitely that below 
a size of about 1 mm the jigs were not making a 
good separation and that some better method was 
needed for cleaning coal below this size. Meanwhile, 
B. W. Gandrud, of the Bureau of Mines, had dis- 
cussed with Sloss some of the very interesting re- 
sults he had secured in laboratory experiments 
using kerosine flotation for fine coal, and the Sloss- 
Sheffield Co. became interested in proving the feasi- 
bility of the method on a larger-than-laboratory 
scale. 

In 1943, collaborating with Gandrud, Sloss built 
and installed at Bessie mine a homemade floccula- 
tion cell for the flotation of the sludge coal. This cell 
is shown in fig. 4a. Bessie was chosen as the place 
for the experimental work because the fine coal was 
already separately available in the form of sludge 
from the settling tank. The homemade cell clearly 
demonstrated that a good separation could be made. 
The results were sufficiently encouraging to warrant 
further experimentation. In November 1943, a 2- 
cell No. 24 (43x43) modified Denver Sub A flotation 
unjt was installed. The modification consisted of a 
raking device to remove the floated product in place 
of the conventional paddle for froth removal. The 
2-cell unit gave a suitable floated product of about 
8 pet ash content, but the refuse leaving the cells 
was quite low in ash. It became apparent that more 
than two cells in series would be required if loss of 
coal in the refuse were to be held to a reasonable 
amount. Accordingly, an additional 2-cell unit was 
installed. With the four cells in series, the flotation 
equipment was put into continuous service, handling 
about 10 to 15 pet of the sludge, and became a part 
of the regular washer operation. Under this arrange- 
ment, extensive testing was possible. The results 


Tabie I. Bessie Operating Statistics, Average of Daily 
Results 

Seam, Mary Lee; output, 1,000 tons coking coal per day and 125 

tens secondary coal per day 


With Flota- Prior to 
tion 12 Flotation 6 
Months Months End- 
Ending Aug ing Oct. 31, 
31, 1949 1947 
General Washer Results 
Raw coal 1%4x0, ash 31.9 30.4 
Washed coking coal 1'4x0, ash 10.1 * 114 
Secondary coal, ash 17.3 13.3 > 
Float in jig refuse at 1.45 sp gr, pct 3.0 3.2 
Flotation Details 
Raw sludge, ash 20.0 
Floated coal, ash 82 
Secondary coal, 0° size from re- 
ject, ash 24.6 
Refuse from flotation, ash 55.5 


Reagent, 5 Ib kerosine per ton of 
feed 
* Includes floated coal 
* Secondary coal 275 tons per day compared with 125 tons in 
first column 
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secured from the 4-cell operation were good, with a 
refuse running 59 pct or higher in ash content. 


Flotation of Sludge, Bessie Plant 


A year of operation on a small portion of the 
sludge proved the practicability of the process. It 
then was decided to install equipment of sufficient 
capacity to process all of the sludge. As a prelim- 
inary step, a study was made of the rate at which 
the sludge was being removed from the settling 
tank by the drag conveyor used for this purpose. 

It was found that the average quantity of sludge 
was about 22 tph, but the rate of withdrawal fluc- 
tuated widely, reaching a peak rate of about 45 tph. 
The fluctuations in rate are shown in fig. 2. There- 
fore, it was decided to make the installation of such 
capacity that it would handle 45 tph with a sacri- 
fice of some coal in the refuse and 22 tph with but 
little loss of coal. Accordingly, two more 2-cell No. 
24 (43x43) Denver “Sub-A” units and two 2-cell 
No. 30 (56x56) Denver “Sub-A” units were installed, 
making a total installation of 12 cells. This equip- 
ment was put in service in October 1947 and has 
been in continuous service since that time. 

The Bessie washer flowsheet is shown in fig. 3 so 
that no attempt will be made to describe it here. 
Suffice it to say that the —1 mm coal from both the 
primary and secondary circuits is delivered to the 
sludge settling tank from which it is removed by a 
slow-moving drag conveyor and then is discharged 
into a stationary splitter which divides it into two 
equal parts. The cells are installed in two parallel 
rows, each of which receives one half the sludge. 
Each row consists of two 100-cu ft cells (No. 30) 
followed by four 50-cu ft cells (No. 24) all in series. 
Floated coal is removed by a single overflow raking 
mechanism (replacing the usual froth paddle) in 
each cell and is discharged into two dewatering 
screws, each of which runs the length of a cell row 
with the discharge end of each screw projecting 
over the drag conveyor that carries the jig-plant 
washed coal to the loading bin. These screws serve 
the dual purpose of conveyors and dewatering de- 


Noon Noon 


vices. The drainage from the dewatering screws is 
returned to the first cell in each row by gravity 
through a side entrance in the cell. The unfloated 
material, after having traveled through the six cells 
in series, is discharged into a 6-ft dewatering cone 
to allow the coarser portion to settle. 

The cone underflow is pumped to a shaking 
screen equipped with 42-mm screen cloth, and the 
‘-l4o-mm material is recovered and thrown into the 
secondary coal. The underflow from the screen joins 
the overflow from the cone, and these two products, 
constituting the refuse from the flotation plant, are 
sent to waste. There is no prior conditioning of 
pulp before entrance to the cells. The entering pulp 
averages about 24 pct solids by weight. Reagent 
flows by gravity from a 6000-gal storage tank 
through a cup feeder and a rotating distributor into 
the pulp streams at the splitter (75 pet) and into 
the inlets of the fourth cells (25 pct). The flotation 
plant receives an average of about 22 tph of sludge 
containing about 20 pct ash. In the plant this 22 
tons is divided into approximately 14 tons of floated 
coal of 8 pct ash content, which goes into the primary 
coking coal, four tons of oversize reject of 24 pct 
ash content, which goes into the secondary coal, and 
4 tons of refuse of 56 pct ash content, which goes 
to waste. Originally the reagent used was a mixture 
of kerosine and B23 frother, but at present only 
kerosine is used. Approximately 5 lb of reagent are 
used per ton of feed, which is greater than labora- 
tory work by Gandrud has shown to be needed 
However, considering the fluctuating character of 
the feed, the reagent requirements are not exces- 
sive. Table I gives a summary of operating results 
at Bessie mine over a period of 12 months ending 
August 31, 1949. Mine operation since then has been 
sporadic and later results are not included. Table II 
gives typical screen analyses of cell feed and result- 
ing products. 

Prior to the installation of the flotation plant, the 
Bessie washer was operated by two men, a jig 
operator and a helper. Because of the simplicity of 
the kerosine flotation process, the cell operation re- 
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Fig. 3—Flowsheet, Bessie washer. 


quires no additional labor. The helper attends to 
the flotation units on a part-time basis and devotes 
the rest of his time to oiling washer equipment and 
assisting the jig operator. Since there is no accurate 
means of measuring feed to the flotation units, cost 
data is necessarily approximate. The data given is 
based on occasional measurement of feed by weigh- 
ing the sludge on several flights of the drag con- 
veyor and by volumetric measurements on other 
flights and also on calculations arrived at from pulp 
densities and water flow. Also, because of the com- 
paratively brief length of time the plant has been in 
service, maintenance costs are not yet fully known. 
The maintenance cost given is based on renewal of 
the wearing parts of the cells every two years plus 
maintenance expense already incurred, which has 
been largely the upkeep of the raking mechanism. 
Table III gives the estimated operating cost of the 
Bessie flotation plant. 

When plans were made for the Bessie installation, 
it was thought that it would be necessary to elim- 
inate fluctuations in the cell feed to secure satis- 


Cell feed 6.1 


18.2 29.1 

Floated coal 
No. 1 cells 0 41 14.0 
No. 2 cells 1.1 8.1 20.9 
No. 3 cells o4 8.4 16.0 
No. 4 cells 1.1 13.8 29.9 
No. 5 cells 0.7 16.3 30.5 
No. 6 cells 2.1 20.1 35.6 
Total, all cells 0.3 6.2 17.2 
Secondary coal (0° size) 22.6 50.4 67.9 
Refuse 05 2.1 4.3 


Table Il. Typical Screen Analyses, Bessie Mine Flotation Plant (Cumulative Pct) 
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factory operation, and money for this purpose was 
included in the appropriation request for modifica- 
tion of the sludge settling tank. For the first year of 
operation, the cell feed was substantially as shown 
in fig. 2. The units proved to have a remarkable 
capacity for absorbing the peak feed rates which, 
as can be seen, are of comparatively short duration. 
Reagent was set for average rather than maximum 
rate, and the cells delivered a floated product at a 
rate much more uniform than the feed would indi- 
cate. About a year ago, a minor modification was 
made in the settling basin, which has to a degree 
reduced the swings in cell feed, but the feed is still 
far from uniform. It seems probable that a uniform 
feed rate would increase cell capacity, reduce coal 
loss in the refuse, and reduce reagent consumption. 


Flotation of Raw Coal, Kimberly Plant 


The feed to the Bessie flotation plant is a sludge 
or fine material which has already been washed in 
the jig plant and from which the extreme fines have 
been removed by classifying action in the settling 
tank. Experimental work by Gandrud’ had shown 
that a raw coal feed could be handled as effectively 
as sludge except that conditions for dewatering 
were more exacting. There are a number of advan- 
tages to be gained by floating raw coal, such as: 

1. All the fine coal, including the finest sizes, 
are retained as cell feed so that coal otherwise lost 
in the effluent from the plant may be recovered. 
Based on determinations of solids in the effluent, 
this loss at Bessie is estimated at 20 tons per day. 

2. Added washer capacity may result. The re- 
moval of fines from the equipment for washing the 
coarser sizes may allow this equipment to operate 
at greater capacity, thus increasing the overall wash- 
ing capacity of the plant. 

3. The removal of the fines may permit better 
jig performance. 

4. The removal of the fines as raw coal avoids 
the need for settling tanks and attendant slurry 
problems. 

In view of these possible advantages, it was de- 
cided the next installation should be arranged for 
raw coal feed. One point on which there was doubt 
was the matter of screening the raw coal to make 
a 10-mesh separation. As it arrives at the tipple, 
coal contains too much moisture for dry screening 
and, if wet screening were done in the usually 
accepted manner for wet screening, which calls for 
5 to 10 gpm per cu yd per hr of screen feed, the 
resulting underflow pulp would be more dilute than 
desired. Screen manufacturers willingly furnished 
information on capacities for either wet or dry 


Pet Retained On, 


31.8 70.3 85.1 90.5 

41.8 81.4 91.1 91.7 

27.8 76.1 86.7 88.6 

50.5 87.6 93.3 94.1 

50.0 80.5 91.2 92.2 

55.2 77.7 82.5 84.6 

36.9 71.4 86.2 91.4 95.9 
85.0 98.7 99.6 

108 40.5 63.8 73.5 84.9 
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screening, but there seemed to be a lack of data 
available for conditions intermediate between wet 
and dry. For lack of better information, it was de- 
cided to determine screen capacity on the basis that 
the amount of water required for the desired pulp 
density would give the coal sufficient mobility to 
make the screening capacity equivalent to that of 
dry screening. If it was found that more water was 
needed, part of it would be recirculated. 

Kimberly mine in the Jefferson seam was selected 
as the logical place for experimenting with a full 
scale plant on raw coal feed for the following 
reasons: 

1. Kimberly is a comparatively small mine hav- 
ing an output of 450 to 500 tons per day so that for 
an initial trial of this method, the installation could 
be made at the least expense. 

2. Additional washing capacity may be needed 
at Kimberly because plans are being made to in- 
crease the tonnage. It was hoped the cell plant would 
increase washer capacity. 

3. The jig at Kimberly is a Montgomery jig, a 
type of jig with a fixed screen under which a plunger 
with flap valves provides the jigging strokes and 
pumps the water required. Tests of the washed 
product indicated that jig separation became poor 
at —% in. as compared with —35-mesh for the 
Baum type jig. 

4. The fines in the Kimberly washed coal were 
found to be quite high in ash so that if raw coal 
flotation was successful, an overall reduction of 3 
pet could be expected in ash content of the washed 
coal from this mine. Such reduction would give a 
greater return per dollar of invested capital than 
could be obtained at the other mines. 

On the basis of experience at Bessie, it was de- 
cided a single row of six 100-cu ft No. 30 (56x56) 
Denver “Sub-A” cells would have a capacity of 20 
tph, which was expected eventually to be the re- 
quired capacity at Kimberly. The plant was laid 
out and built with this arrangement and went into 
service in April 1949. 

To understand the operation at Kimberly, a brief 
flowsheet description is necessary. Coal crushed to 
14% in. at an underground screening and crushing 
station is brought from the mine by conveyor belt 
to a 300-ton storage bin. From this bin a feeder and 
24-in. belt bring the coal to the washer where it is 
discharged on a single-deck, 5x14-ft vibrating screen 
equipped with a No. 5185 ton cap screen cloth having 
an equivalent opening of approximately 9-mesh. 
Three rows of sprays cover the deck with sprayed 
water at a rate of 250 gpm. The oversize from the 
screen discharges into a 50-tph Montgomery jig. 
The washed coal from the jig is conveyed by bucket 
elevator and drag to the loading bin, the refuse by 
bucket elevator to the rock bin from which it is 
hauled to waste by truck. 

The underflow from the vibrating screen falls 
into a hopper from which an 8-in. pipe conveys it 
to the flotation cells. There are six cells in series, 
the pulp making a single pass through, with un- 
floated material being rejected at the last cell. 
Reagent flows by gravity from a 6000-gal storage 
tank through a cup feeder and distributor to the 
hopper under the screen (75 pct) and to the inlet 
of the fourth cell (25 pct). The floated coal is re- 
moved by a raking mechanism in each cell and dis- 
charged into a 14-in. dewatering screw. Near the 
discharge end of the screw are two sections of 1-mm 
wedgewire screen 60 in. long, 11 in. wide and curved 


Table UI. Operating Costs of Flotation Plants Per Ton 
of Feed 


Operating labor 

Reagent, 0.75 gal kerosine at $0.10 per gal 
Power, 2.9 kw-hr at $0.01 per kw-hr 
Maintenance and supplies, ‘est.’ 


Total cell plant proper 
Water supply, 250 gpm against 125 ft head 


Total operating cost per ton of feed 


KIMBERLY 


Operating labor 

Reagent, 0.7 gal kerosine at $0.10 per gal 
Power, 4.5 kw-hr at $0.015 per kw-hr 
Maintenance and supplies, ‘est.) 


Total cell plant proper 


Power for water suppiy screening and material trans 
port, 2.8 kw-hr at $0.015 per kw-hr 

Maintenance water supply, screening and material 
transport, (est.) 


Total operating cost per ton of feed 


Table IV. Kimberly Operating Statistics, Average of 
Daily Results 


Seam, Jefferson; output 475 tens coking coal per day 


Prior te 
With Flotation 
Fletation 6 Months 
Month of Ending 
August March 31, 


General Washer Results 
Raw coal 142x0, ash 224 
Washed coal %2x0, ash 6.7" 
Jig refuse, ash 70.4 
Float in jig refuse at 1.45 sp gr. pet 3.8 


Hutch solids, ash 51.0° 


Flotation Details 
Raw coal to cells, 10 mesh x 0, ash 
Floated coal, ash 
Cell reject oversize to jig. ash 
Refuse from flotation, ash 
Reagent 4.5 lb kerosine per ton of 
feed 


“Includes floated coal 
» Average of a few snap samples. Routine samples not available 


to 7-in. radius through which water is squeezed by 
the screw action. The water so removed is returned 
by a return feed opening into the impeller zone in 
the first cell. The screw uses a 14-in. pipe as a 
trough, and this pipe projects 20 in. beyond the end 
of the screw, forming a nose through which the 
screw extrudes the coal, thus affording a squeezing 
action which aids in water removal. It is to the 
bottom of this pipe that the curved wedgewire 
screen is attached. The floated coal discharges from 
the screw into a drag conveyor which carries it up 
a 35° incline to the coarse coal drag where it mixes 
with the main body of coal and proceeds to the 
loading bin. The unfloated material leaving the last 
cell is discharged into a 5-ft diam x 5-ft high de- 
watering cone. The underflow from this cone con- 
taining the coarser part of the rejected material is 
pumped by a 2-in. sand pump to a 3x6-ft vibrating 
screen equipped with 10-mesh cloth. Screen over- 
size joins the coarser coal going to the jig. The 
screen undersize joins the overflow from the de- 
watering cone, the two together constituting the 
refuse from the flotation plant. It will be noted that 
this arrangement of dewatering cone and vibrating 
screen for unfloated material is similar to that at 
Bessie. This screening arrangement has a number 
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Table V. Typical Screen Analyses, Kimberly Mine Flotation Plant (Cumulative Pct) 


Pet Retained On 


Cell feed 
Floated coal 


Se 


6 cell 
Total, all cells 


uw 
+8 


Oversize to jig = 
Refuse 0 


of functions. First, and primarily, it serves as a 
guard for the circuit, protecting against loss of coal 
when oversize material too large for flotation 
appears in the cell circuit. Second, it prevents the 
loss of intermediate gravity coal near the upper 
limit of flotation size. While kerosine flotation will 
float particles of 10-mesh or larger of low gravity, 
intermediate gravity material does not float as 
readily and 10-mesh particles of coal of rather high 
ash, but too good to throw away, would otherwise 
be lost in the refuse. Third, the use of the guard 
screen permits using a mesh size on the main screen 
that is the top size for flotation, thus rendering the 
main screening job easier. Incidentally, this screen 
provides a very good method of checking the flota- 
tion circuit at a glance. Normally there is only a 
dribble of oversize on the screen. When the amount 
of oversize on the screen becomes appreciable, some- 
thing is wrong with the flotation circuit or the feed 
to the circuit. 

Under present operating conditions, the flotation 
plant receives a feed of about 12 tph of —10-mesh 
coal of about 23 pct ash at a pulp density of between 
15 and 20 pet. It delivers about 754 tons of floated 
coal assaying 5 pct ash, returns ‘2 ton of unfloated 
material to the jig at about 30 pct ash, and sends 
3%4 tons of refuse containing 58 pct ash to waste. 

Table IV gives a summary of operating results at 
Kimberly mine for the month of August 1949, and 
table V gives typical screen analyses of cell feed 
and products. 

Flotation of raw coal feed has proved quite suc- 
cessful and the advantages that were expected to 
result from this method have been realized. 

1. Retention of fine coal. Wasting the hutch dis- 
charge is the method used at Kimberly to bleed 
water from the circulating system. Prior to the 
installation of the flotation units, the hutch dis- 
charge from the jtg assayed 36 pct ash, indicating a 
loss of coal roughly estimated at 6 tons per day. The 
hutch material is now about one tenth the former 
quantity with an ash content of about 51 pct, repre- 
senting a negligible loss. 

2. Greater capacity on the jig. After installation 
of flotation, the elevator conveying the washed jig 
product was speeded up approximately 20 pct and 
a further increase in speed is contemplated. 

3. Better jig performance. Prior to flotation the 
ash in the jig refuse averaged 66 pct and the float 
at 1.45 sp gr in the jig refuse, 4.8 pct. Now the jig 
refuse ash is 70 pet and the float in the refuse 3.8 pct. 

The average ash of the Kimberly output for 6 
months prior to cell installation was 10.4, the 
average ash for the first 5 months of cell operation 
was 7.0 pet. 


The screening performance has exceeded expec- 
tations. Kimberly coal is extremely friable and effi- 
ciencies of screening are therefore hard to determine. 
If calculated on the fines available in the feed and 
the fines appearing in the undersize, the efficiency 
reported is too high. If calculated by combining the 
undersize and oversize and determining the per- 
centage the undersize is of this total, the reported 
efficiency should be nearer its true value. The latter 
method is used in obtaining the figures given here. 
Two tests were made of screen efficiency. Both tests 
were made at rates in excess of the usual feeding 
rate of 1.12 tph per sq ft of screening surface be- 
cause they were made in an effort to determine 
screen capacity. The usual spraying rate is 2.9 gpm 
per cu yd of feed per hr. 

At a feed rate of 1.52 tons dry coal per hr per sq 
ft and a spraying rate of 3.0 gpm per cu yd per hr, 
82.5 pet of the 10-mesh x 0 appeared in the under- 
size, 89 pct of the 14-mesh x 0 and 93 pct of the 20- 
mesh x 0. 

At a feed rate of 1.80 tons per sq ft per hr and a 
spraying rate of 2.6 gpm per cu yd per hr, 77 pet 
of the 10-mesh x 0 appeared in the undersize, 83 pct 
of the 14-mesh x 0, and 87 pct of the 20-mesh x 0. 
Table VI gives screening date on these two tests. 

As in the case of Bessie, no accurate means for 
regular determination of the quantity of feed to the 
flotation plant is available so that cost data is based 
on an occasional determination of feed rate and is 
therefore approximate. Maintenance is approximated 
on the basis that cell-wearing parts are replaced 
every two years, plus an amount for other main- 
tenance based on Bessie experience. Cost of opera- 
tion per ton of feed is given in table III. Prior to 
cell installation, one man operated the washer. With 
the addition of the cell units, one man still operates 
the washer, attending to both the jig and the flota- 
tion unit so that no labor cost is shown for flotation. 


Cell Capacity 


The capacity of a flotation unit depends on many 
factors among which are pulp density and the per- 
missible loss of values in the rejected material. In 
the Sloss units, the pulp density decreases from cell 
to cell as floated coal is removed, and the amount 
of coal floated per cell also decreases. To avoid 
appreciable loss of coal in the refuse, experience 
indicates that the amount of coal floated in the last 
cell should not exceed 1 tph for a 100 cu ft cell or 
'%4 tph for a 50-cu ft cell. 

The distribution of floated coal by cells varies 
with loading and other factors. Two typical exam- 
ples of distribution with normal loading as de- 
termined by test are given here. 


1052—MINING ENGINEERING, OCTOBER 1950, TRANSACTIONS AIME, VOL. 187 


6 10 4 20 | 35 48 100 200 
y Mesh Mesh Mesh Mesh Mesh Mesh Mesh Mesh 
Te fT 0.1 5.1 1 28.3 52.8 66.9 81.1 91.0 
\ No. 1 cell 0 15.8 44.4 58.9 
No. 2 cell 0 21.4 63.3 
No. 3 cell 0 25.8 66.8 
ee No. 4 cell 0 1 26.5 4 67.7 
wat No. 5 cell 0 1 29.2 0 66.9 
0 1 36.0 69.1 
oe 0 1 26.0 9 64.3 79.9 89.3 
Re, 1 1 26.1 6 55.1 
* 
A 
{ 
‘ 
| 
at 
on 


Fig. 4a—Floccula- 
tion cell for the 
flotation of sludge 
coal. Bessie mine. 


At Bessie, with the float from the first cell taken 
as unity, the float from the second cell was found 
to be 0.80; from the third cell, 0.37; from the fourth 
cell, 0.33; from the fifth cell, 0.15; and from the 
sixth cell, 0.11. Likewise at Kimberly, with the float 
from the first cell as unity, the float from the second 
was found to be 0.98; from the third, 0.96; from the 
fourth, 0.78; from the fifth, 0.50; and from the sixth, 
0.40. 

The Bessie installation was intended to handle an 
average of 22 tons of dry feed per hour and is doing 
approximately that at present. Since a secondary 
coal product is being made from the cell reject, its 
capacity is probably greater than it would be with- 
out the secondary product unless a lower ash refuse 
were accepted. 

The Kimberly installation was designed to handle 
20 tons of dry feed per hour and is at present hand- 
ling about 12 tons with very satisfactory results. 
Capacity tests of brief duration have been made at 
feed rates of approximately 20 tph with disappoint- 
ing results. The floated product was satisfactory, 
but too much coal reported in the unfloated material, 
the refuse ash being about 45 pct. The top satisfac- 
tory capacity is therefore somewhere between 12 


and 20 tph of feed. Until further information is 
available, a conservative capacity rating is 12 tph. 

The approximate cost of the Bessie installation in 
1947 was $32,000, 87 pct of which can be apportioned 
to flotation equipment and auxiliaries and 13 pct to 
housing. No added facilities were required for water 
supply or transport of material to or from the flota- 
tion plant. At current costs, a similar plant now 
would be estimated at $40,000, or $1800 per ton- 
hour of capacity, when rated at 22 tph of feed. 

The approximate cost of the Kimberly installa- 
tion, which was completed in 1949, was $35,000. 
This includes an added water supply, screening 
facilities, and transport of finished product from the 
plant. It can be apportioned 61 pct for flotation 
equipment and auxiliaries; 26 pct for water, screen- 
ing and transport; and 13 pct for housing. At a con- 
servative rating of 12 tph of feed, this is approxi- 
mately $2900 per ton-hour of capacity or about 
$2200 for the cell plant alone. 


Investigation of Methods for Increasing Capacity 


While both the Bessie and Kimberly plants are of 
sufficient capacity to handle the available feed, other 
installations are contemplated, and therefore it has 


Table VI. Screen Analyses of Feed to and Products from 5x14 Robbins Vibrex Screen, Kimberly Mine 
(Cumulative Pct) 


Test No.1 
Feed 
Oversize ‘to jig) 
Undersize (to cells) 


Test No.2 
Feed 


3 
Oversize (to jig) 4 93.7 
Undersize ‘to cells) 0 6.0 


Screen cloth, ton cap No. 5185 
Test No.1 1.52 tons dry feed per sq ft screen area per hr 
3.0 gpm water sprayed per cu yd feed per hr 


97.7 


776 848 


96.6 97.8 


764 83.5 
Screening area, 62 sq ft 
Test No.2 1.80 tons dry feed per sq ft screen area per hr 
2.6 gpm water sprayed per cu yd feed per hr 


Feed 1% in. x 0 raw coal. Weight, 60 Ib per cu ft 
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SECTION 
Fig. 4b—Standard raking mechanism. 


been desirable to investigate means of increasing 
cell capacity for the benefit of these future installa- 
tions. Investigations have been made on the follow- 
ing possible methods of securing such increase: 
supercharging, changing impeller speed, increasing 
area covered by raking, and conditioning. 

Super Charging: When the first 100-cu ft cells 
were purchased, the Denver Equipment Co. which 
supplied them recommended supercharging be used 
to develop the full capacity of the larger cells. 
Accordingly, the Bessie installation was arranged 
for supercharging of both the 100 and 50-ft cells. 
No advantage was found in the use of supercharging 
and, after a few days of experimenting, supercharg- 
ing was discontinued. After the Kimberly installa- 
tion was made, observation of some turbulence 
breaking through the surface of the matte of floated 
coal led to the belief that a reduction in air might 
be advantageous. Experiments were made with the 
second cell by gradually closing the air intake. As 
a final result, the intake was completely closed with 
a resulting 7 pet increase in the amount of coal 
floated on this cell. No attempts have been made as 
yet to verify this on other cells, and the data given 
in this paper was secured with all intakes open. 

Changing Impeller Speed: Observation of the 
same turbulence previously mentioned suggested a 
lesser impeller speed might be advantageous. Ac- 
cordingly, arrangements were made at Kimberly to 


slow the impellers in the first and second cells from 
a speed of 253 rpm to a speed of 207 rpm. Some 
quieting of turbulence was noted, the power input 
to these two cells was halved, but the first cell 
floated only about 80 pct of its normal amount and 
the second cell 90 pct of normal. Although the re- 
maining cells, with more floatable coal available, 
floated somewhat more than their normal amount, 
the ash in the cell refuse averaged 48 pct compared 
to a normal 58 pct. Since a decrease in speed of 18 
pet for the first two cells results in a decrease in 
float capacity averaging roughly 15 pct, conversely, 
an increase in speed can be expected to develop an 
increase in capacity, but such increase would be 
accompanied by a rapid rise in power consumption 
and probably by a rapid increase in wear of moving 
parts. 

Increasing Area Covered by Raking: When the 
Kimberly installation was being planned, Denver 
Equipment Co. offered as an alternate arrangement 
a cell equipped with a spitzkasten and raking 
mechanism on each side instead of the cell with the 
single spitzkasten and raking mechanism as fur- 
nished for Bessie. No data was available, but such an 
arrangement might offer a considerable capacity in- 
crease. Installation of double raking was thoroughly 
discussed, but space limitations and the complica- 
tion of handling material from two dewatering 
screws swung the decision in favor of the Bessie 
type of cell. After Kimberly went into service, dis- 
cussion of the advantages of double raking over 
single raking continued. At length, the idea evolved 
that even with the single spitzkasten and single de- 
watering screw, the raking mechanism might be 
rearranged to reap the advantages of double raking. 
The second cell at Kimberly was picked to make the 
experiment. The standard raking mechanism is 
shown in fig. 4b. The mechanism as rearranged in 
the second cell is shown in fig. 4c. The change in- 
volved the removal of baffle A in fig. 4b. The Experi- 
mental arrangement rakes an active cell area 2.3 
times as large as the standard mechanism does; or, 
if the spitzkasten area is included, 1.7 times as large. 
With standard rakes, the second cell usually dis- 
charges 0.98 tons of floated coal for each ton dis- 
charged by the first cell. With the experimental 
mechanism, the second cell discharges an average 
of 1.05 tons of floated coal for each ton by the first 
cell, indicating an increase in capacity of about 7 pct. 

The experimental arrangement rakes as much 
active cell area as would the double raking mechan- 
ism and is believed to possess substantially the 
same advantages without the extra space required 
by the second spitzkasten or the need for a second 
dewatering screw. 

Conditioning: The original experimental home- 
made flotation unit at Bessie was preceded by a 
rather crude homemade conditioning unit for agita- 
tion of the mixture of pulp and reagent. In the 
experimental work, no evidence was found of ad- 
vantage resulting from the use of the conditioning 
unit, so conditioning was omitted from the Bessie 
installation and later from the Kimberly installa- 
tion. When a search was begun for means of in- 
creasing cell capacity, the idea of conditioning was 
revived. It should be noted that, when testing slower 
impeller speed at Kimberly, the float capacity loss 
in the second cell was about one half that in the 
first, and it is therefore probable that conditioning 
ahead of flotation would permit slower impeller 
speeds with little or no loss in capacity. Slower 
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speeds would decrease both power and maintenance 
costs. It was not convenient to add experimental 
conditioning equipment to either the Bessie or the 
Kimberly installation so investigation was confined 
to a few laboratory tests. The tests were made with 
a 500-g Denver laboratory cell. Without condition- 
ing, 90 pct of the float came off in 6 min. With 5- 
min conditioning, 90 pct came off in 5 min; and with 
10-min conditioning, 90 pct came off in 4.2 min. 
Since in the Bessie installation the major portion of 
the coal is floated in the first two cells and since cal- 
culations show a retention time of roughly 5 min in 
the larger cells, making a conditioning period of 
about 10 min before entrance of the pulp to the 
third cell, the use of a conditioner has not seemed 
necessary at Bessie. Nevertheless, in view of the 
laboratory results, it is probable that conditioning 
would result in increased capacity. It is also prob- 
able that conditioning would decrease reagent con- 
sumption although no laboratory tests have been 
made to determine this. 

Although they have not been investigated, two 
other methods of increasing capacity have been con- 
sidered, namely, increasing initial pulp density to 
the cells and increasing pulp density somewhere 
along the row of cells by removal of water. 

Gandrud has shown by laboratory work that the 
cell capacity increases as pulp density increases 
until a given density is reached after which capacity 
falls off rather abruptly. In the laboratory the 
optimum density found was 28 pct solids. The opti- 
mum for commercial cells might be decidedly dif- 
ferent. In order to gain capacity by operating at as 
near optimum density as possible, it undoubtedly 
would be necessary to have some means of securing 
a uniform rate of feed, which is lacking at Bessie 
and Kimberly. 

Increasing pulp density somewhere along the row 
of cells could be done by a number of methods, such 
as the use of a dewatering cone inserted between 
cells to eliminate part of the water or a classifier 
for the same purpose. In an installation of the size 
discussed in this paper, the methods so far pro- 
posed involve complications that make it cheaper 
to obtain capacity by the purchase of additional 
cells. For a large installation such methods may 
have merit. 

Reagent 

The reagent used at both Bessie and Kimberly at 
the present time is kerosine with no additions. All 
of the original experimental work was done with 
a mixture of about 93 pct kerosine and 7 pct B23 
frother as reagent. The Bessie installation was started 
using this same mixture. The B23 costs about $1.05 
per gal as compared with about $0.10 for kerosine 
so that its use adds materially to the reagent cost 
unless accompanied by a marked reduction in re- 
agent requirements. In order to determine the value 
of the B23 addition, the plant was operated for 
several alternate weeks with and without the addi- 
tion. Although laboratory work has repeatedly 
shown the superior performance resulting from the 
use of the frother, no definite advantage could be 
proved by the actual plant performance. The use of 
B23 was discontinued. 

After the Kimberly plant was in operation, sev- 
eral brief snap sample tests under the supervision 
of Gandrud and Riley’ were made using both pine 
oil and B23 as an addition. These tests gave im- 
proved results when pine oil was added and still 
greater improvement when B23 was added. Except 
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Fig. 4c—Raking mechanism as rearranged in the 
second cell, Kimberly. 


for these brief test interludes, only straight kero- 
sine without additions has been used as reagent at 
Kimberly. With the present rate of feed, the cell 
operating results have been considered satisfactory. 
Should an attempt be made to increase capacity, 
the use of additions to the kerosine probably would 
be considered again. 


Dewatering 


One of the advantages of the kerosine flotation 
process is that the floated coal can be readily de- 
watered to about 25 pct moisture by the use of a 
very simple device, the dewatering screw. This de- 
vice is described in detail by Gandrud and Riley.’ 
In the Sloss installations, this advantage has not 
been fully developed because moisture reduction to 
this extent has not been needed. At Bessie the mois- 
ture content of the coal as discharged from the 
screw varies from 34 to 45 pct with an average of 
about 37 pet; at Kimberly, from 44 to 52 pct with 
an average of about 47 pct 

The floated coal drains readily without loss of 
coal because the process has put it in a flocculated or 
matte condition, and because most of the fireclay 
usually in the fines has been removed in the process 
For instance, a sample of Kimberly floated coal that 
was discharged from the screw with 51 pct moisture 
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drained to 39 pct in % hr, 35 pct in 3 hr, and 32 pct 
in 22 hr. Thus the floated coal unmixed with coarser 
material will drain in a day to a moisture content 
approaching that of an effective dewatering screw. 
When mixed with coarser coal, as is the case at 
both Bessie and Kimberly, it drains readily in the 
loading bin and railroad cars so that upon arrival 
at the coking plant, 24 to 48 hr later, the moisture 
content has declined to a point where little would 
be gained by more effective initial dewatering. For 
example, Bessie coal, prior to the installation of 
flotation equipment, averaged 7.8 pct moisture as 
delivered to the coking plant and, since installation, 
averages 7.9 pct. Kimberly, prior to installation of 
flotation, averaged 6.5 pct and, since installation, 
averages 6.3 pct. Flat Top mine, which has no flota- 
tion units, averages 8.3 pct and Lewisburg mine, 
which also has no units, averages 8.9 pct. 

At Bessie the floated coal mixed with coarser coal 
is conveyed by drag conveyor up a 34° incline, and 
at Kimberly the floated coal alone by drag conveyor 
up a 35° incline. As long as the coal is sufficiently 
dry to be conveyed successfully up these inclines, 
there is no need for further dewatering. Conse- 
quently, the screen area for draining purposes in 
the dewatering screw has been held to a minimum, 
and no attempt has been made to develop the full 
capability of the screw. 


Efficiency 


The effectiveness of the process in making’ a 
proper separation during regular operation is judged 
by routine ash analyses of the floated coal and refuse 
and by observation of the amount of oversize reject 
going to the jig (Kimberly) or into secondary coal 


(Bessie). No tests of efficiency are available for 
Bessie. For Kimberly, an investigation has been 
made by Gandrud and Riley* when using kerosine 
and pine oil as reagents, and the results are given 
in a Bureau of Mines Report of Investigation about 
to be published from which the following excerpts 
are taken: 


On the basis of the “error curve” method for evaluat- 
ing performance, the plant in which the raw coal fines 
are treated compares favorably with plants using the 
more conventional type of processes such as jigging, 
launder washing and froth flotation. 

The head sample for the float-and-sink tests .. . was 
obtained by mixing —10-mesh floated coal and —10- 
mesh refuse from the flotation unit in proportionate 
amounts on the basis of recovery weights. This had 
to be done in order to eliminate the conditions result- 
ing from size degradation of the feed during treatment 
in the cells. This degradation on Kimberly coal is so 
severe that error curves . . . could not be plotted 
except on the basis of float-and-sink data representing 
feed after degradation had taken place. 

.. all material coarser than 10-mesh was screened 
out of the samples and excluded from the data... . 
The feed rate of the flotation unit was 11.5 tons per 
hour. The reagent feed was at the rate of 3.04 pounds 
of kerosene and 0.26 pounds of pine oil per ton of feed. 
Of this, about 65 pct of the kerosene was added to the 
feed in the intake pipe of No. 1 cell. The remainder 
of the kerosene and all of the pine oil were added to 
the weir compartment ahead of No. 4 cell, in other 
words, in the intake of No. 4 cell. The amount of 
water in proportion to solids could not be determined 
accurately but was probably about 5 to 1, resulting in 
about 17 pct solids in the feed. 

The figures . . . show that the composite 10-mesh to 
0 products analyzed 21.5, 6.3, and 63.6 pct ash for the 


feed, cleaned coal and refuse, respectively, and that 
73.5 pet of the feed was recovered as cleaned coal. 
According to the cumulative curve . . . the float-and- 
sink yield at 6.3 pct ash was 76.7 pct. Hence the effi- 
ciency of the flotation treatment was 73.5 divided by 
76.7 or 95.8 pct. This efficiency may seem a little low 
in comparison with efficiencies normally attained in 
jig and table washing on the coarser sizes, but, as a 
matter of fact, the situation would have been consid- 
erably different on the basis of the 10-mesh to 0 feed 
prior to treatment in the cells. Float-and-sink tests 
made on a sample of 10-mesh to 0 feed taken ahead of 
the flotation cells showed only 74.3 pct yield at 6.3 pct 
ash instead of 76.7 pct shown .. . for the composite 
sample which had undergone size degradation in the 
cells as explained above. On this basis, the recovery 
efficiency would have been 73.5 divided by 74.3 or 98.9 
pet. 


In kerosine flotation, as in coarser coal cleaning 
methods, the effectiveness of separation becomes 
poorer below some limiting size. In the case of kero- 
sine flotation, the size at which separation becomes 
considerably poorer appears to be 200-mesh or be- 
low. On a Kimberly floated coal sample of 6.1 pct 
ash content, the ash in the -+-48-mesh was 6.0 pct; 
in the 48x65-mesh, 5.0 pct; in the 65x100-mesh, 5.1 
pet; in the 100x150-mesh, 5.7 pct; on the 150x200- 
mesh, 6.2 pct; and in the —200, 8.6 pct. 

The probable cause of the increase in ash in the 
—200-mesh particles is entrapment of fine refuse 
and suspension of fireclay in the water carried with 
the floated coal from the cells. 


Summary 


Seeking an answer to the problem of cleaning 
fine bituminous coal, the Sloss-Sheffield Steel and 
Iron Co. collaborating with B. W. Gandrud, U. S. 
Bureau of Mines, has experimented on a succes- 
sively increasing scale with the kerosine flotation 
process for coal fines. The experimental work has 
led to the construction of two commercial flotation 
plants which are now in operation. 

The first plant, with a feed of roughly 22 tph of 
20 pct ash —10-mesh sludge from a jigging opera- 
tion, is producing a floated product of about 8 pct 
ash content at an operating cost of $0.14 per ton of 
feed with a capital investment of approximately 
$1800 per ton-hour of capacity. 

The second plant, with a feed of roughly 12 tph 
of 23 pct ash —10-mesh raw coal screened out ahead 
of the jigging operation, is producing a floated 
product of about 5 pct ash content at an operating 
cost of $0.24 per ton of feed with a capital invest- 
ment of approximately $2300 per ton-hour of capac- 
ity or $2900 per ton-hour for the complete installa- 
tion. 

Further investigation and experiment should lead 
to an increase in the floated coal obtained per cell 
unit with a resulting decrease in the capital invest- 
ment required per ton-hour of capacity and also a 
resulting decrease in the operating cost per ton of 
feed. 

References 


*B. W. Gandrud, and H. L. Riley: A Combination 
Cleaning and Dewatering Process for Treating Fine 
Sizes of Coal Preliminary Report. U. S. Bur. Mines. 
R. I. 4306 

*B. W. Gandrud, and H. L. Riley: Recent Develop- 
ments in Connection with a Combination Cleaning 
and Dewatering Process for Treating Fine Sizes of 
Coal. U.S. Bur. Mines. R. I. In press. 


1056—MINING ENGINEERING, OCTOBER 1950, TRANSACTIONS AIME, VOL. 187 


= 
i 
4 | | 
a 
i 
§ 
™ 
Cag 


Laboratory Performance Tests of the Humphreys Spiral 


as a Cleaner of Fine Coal 


by M. R. Geer, H. F. Yancey, C. L. Allyn, and R. H. Eckhouse 


Four coals were treated in the Humphreys spiral concentrator, and 


the products were examined by float-and-sink and screen-sizing tests to 
determine fundamental performance characteristics. The efficiency of the 
separation between coal and impurity was shown to be influenced greatly 


Summary 


OUR coals exhibiting different washability char- 
acteristics were washed in the Humphreys spiral 
concentrator and the products examined by float- 
and-sink and screen-sizing tests to determine the 
mechanics of the separation between coal and im- 
purity. With one coal, each %4-in. increment of the 
full width of the stream in the spiral was examined 
separately to determine where each size and specific- 
gravity fraction of the feed was stratified. 

The basic performance characteristics of the spiral 
were found to be the same for all of these coals. The 
coarsest fraction of heavy impurity stratified so far 
out in the stream that it could not be removed 
through the refuse ports and thus either entered a 
middling product or contaminated the washed coal 
in the case of a two-product separation. Impurity 
particles finer than about 100-mesh also were car- 
ried out in the main body of the stream and there- 
fore were not removed in the refuse product. Little 
loss of clean coal in the refuse occurred in sizes 
coarser than 28-mesh or finer than 100-mesh, but 
considerable coal of intermediate size stratified in 
the stream that was drawn off through the refuse 
ports. 

Because of this modifying influence of particle 
size, the spiral is unable to make an efficient two- 
product separation between coal and impurity with- 
out some retreatment. Recirculation of a middling 
product through the same spiral as a means of ob- 
taining more efficient operation was not attempted 
in this investigation. The size and specific-gravity 
composition of the middling product are, however, 
such as to render it amenable to simple hydraulic 
classification for recovery of coal. Retreatment of a 
middling product would improve the efficiency of 
the spiral, but even when making a substantial 
amount of middling, considerable clean coal enters 
the refuse product. Consequently, retreatment of a 
combined refuse-middling product would appear to 
offer greater promise for providing maximum effi- 
ciency. 

Because of the sizing characteristics of the spiral, 
a classified feed can be treated with higher efficiency 


by particle size. 


than is possible on a natural raw coal. For this rea- 
son, semiclassified feeds, such as silt-bank or classi- 
fier-underflow materials, can doubtless be treated 
with higher efficiencies than those shown for raw 
coals in this report. 

Performance is, of course, only one of many factors 
that enter into the choice of cleaning equipment. 
The fact that the one company now using the spiral 
for cleaning coal has built a second spiral plant is 
ample evidence that the inherently low efficiency of 
this unit may be overshadowed by the low operating 
costs afforded by its extreme simplicity. 


Introduction 


A number of factors enter into the selection of 
coal-cleaning equipment, and most of them bear 
directly on the final cost of prepared coal. One of 
these factors is performance of the cleaning unit in 
terms of the efficiency of the separation it effects 
between clean coal and refuse. The importance of 
performance in the selection of a coal-cleaning unit 
varies with the difficulty of the cleaning problem. 
Obviously, if the character of the coal is such that 
only certain types of cleaning units are capable of 
yielding a clean product meeting market require- 
ments, performance is of prime importance. If, on 
the other hand, the cleaning problem is so simple 
that any type of cleaner will provide coal of suitable 
quality, performance is important only insofar as 
it affects costs by determining the amount of salable 
coal lost in the washery refuse. 

With the objective of providing the coal industry 
with information that is helpful in the selection of 
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Fig. 1—Full-size spiral installed in laboratory. 


coal-cleaning equipment, the Bureau of Mines has 
published the results of detailed performance studies 
of the wet table,’ pneumatic table,” Dutch cyclone,’ 
and jigs of pneumatic,’ plunger,’ pulsator,’ and Baum’ 
types. The present report contains such information 
for the Humphreys spiral concentrator. 

This spiral was developed during the recent war 
to treat the chrome-bearing sands of Coos Bay, 
Oregon. In the few years that have elapsed since 
its development, the spiral has been adopted for 
treating ores, nonmetallics, and finally coal. One 
coal-washing plant utilizing the spiral went into 
operation in the anthracite field in 1946, and the 
same company recently has completed a second 
spiral plant. In addition, experiments on a _ pilot- 
plant scale were carried out with the spiral at a 
washery in Colorado.” 

The spiral is an extremely simple device which 
involves no moving parts and is constructed almost 
entirely of unmachined castings. Since it is such an 
uncomplicated mechanism, operation is simple and 
virtually foolproof. These characteristics, which go 
far toward insuring low-cost operation, are attrac- 
tive attributes in any coal-cleaning unit. Moreover, 
published information® indicates that the spiral can 
treat coal containing 30 to 40 pct ash to produce a 
washed product of 14 to 16 pct ash, with rejection 
of a refuse product containing up to 80 pct ash. 
Thus, the spiral was promising enough to warrant a 
detailed performance study. 


Object and Scope 


The three published reports describing operation 
of the spiral contain some performance data; but, in 
the case of the anthracite plant, this information is 
not sufficiently complete to provide a clear picture 
of the mechanics of spiral performance. More de- 
tailed information was published for the pilot-plant 
operation in Colorado; but this unit was used exclu- 
sively for treating a table-middling product experi- 
mentally, and thus the data are not directly appli- 
cable to the treatment of raw coal. 


1058—MINING ENGINEERING, OCTOBER 1950, TRANSACTIONS AIME, VOL. 187 


The object of the present investigation was to pro- 
vide detailed information on the influence of particle 
size and specific gravity in the separation between 
clean coal and refuse effected by the spiral. With any 
gravity concentrating device, except some heavy- 
medium processes, particle size modifies the influence 
of specific gravity. The magnitude and character of 
the influence of particle size determine the funda- 
mental performance characteristics of any cleaning 
device. 

A laboratory installation is ideally suited for de- 
termining basic performance characteristics because 
operating variables can be controlled. On the other 
hand, a laboratory installation provides little or no 
information on the other factors bearing on cost 
that enter into the selection of cleaning equipment. 
Consequently, the present report is limited in scope 
to performance data only and necessarily neglects 
the other factors that can be established best in 
plant operation. 

Nevertheless, this investigation was intensive— 
over 60 test runs were made with the spiral, and the 
products obtained from most of them were examined 
by float-and-sink tests and screen analyses, rather 
than just ash analyses. Therefore, the conclusions 
reached regarding fundamental spiral performance 
characteristics are based on abundant detailed data 
for four different coals and hence are generally 
applicable. 

Description of Coals Tested 

Coals from Alabama, Kentucky, West Virginia, 
and Washington were used in this investigation. 
Table I gives the source of these coals, and tables 
II, II, IV, and V give float-and-sink and screen- 
sizing data. All samples represent natural 8-mesh 
fines screened from run-of-mine coal, except the 
West Virginia, which was prepared by crushing 
3-in. slack to pass 8-mesh. 


Table I. Identification of Coals Tested 


State County Bed Mine 


West Virginia Wyoming Pocahontas No. 6 Black Eagle 


Alabama Jefferson Clements Prospect 
Kentucky Union No. 9 Poplar Ridge 
Washington Kittitas Roslyn Roslyn No. 3 


The Black Eagle coal from West Virginia con- 
tains only 5.3 pet of impurity heavier than 1.60 sp 
gr. With this coal, the coarsest and finest sizes are 
about equally dirty, and the least impurity is found 
in the material of intermediate size. 

The Clements coal from Alabama contains slightly 
more heavy impurity than that found in Black Eagle 
but has very little material of intermediate specific 
gravity, the presence of which is generally regarded 
as an index of how difficult a coal is to wash. The 
impurity in this coal tends to be concentrated in the 
finer sizes. 

The Poplar Ridge coal from western Kentucky 
is much dirtier than either the Black Eagle or 
Clements coals, containing nearly 17 pct of impurity 
heavier than 1.60 sp gr. This coal contains the high- 
est percentage of material of intermediate density 
of any of those tested. Also, the heavy impurity con- 
taminating it is predominantly fine material; the 
coal finer than 200-mesh contains over 40 pct of 
heavy impurity. 

The Roslyn coal from the State of Washington 
contains slightly more heavy impurity than that 
found in Poplar Ridge coal but somewhat less ma- 
terial of intermediate density. With Roslyn coal there 


3 
1 
, 
4 
f 
~ 
— 
a 
: 
& 
we 


Table Ul. Specific Gravity Analyses, by Size Fractions, 
of Black Eagle, W. Va., Coal 


Cumulative 
Weight, Ash,* 
Pet Pet 


Specific Weight, 


Size, Mesh Gravity Pet 


= 
a 


8tol4 
Weight, 26.9 pct 


couse 


SSES= 


14 to 28 
Weight, 28.1 pct 


28 to 48 Under 

Weight, 19.6 pet 1.30 to 
1.40 to 
1.60 to 
Over 


48 to 100 
Weight, 13.0 pct 


Under 


nic 


100 to 200 
Weight, 5.8 pct 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


me 
w 
coucew 


Under 200 
Weight, 6.6 pct 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


~ 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


Composite 
Weight, 100.0 pct 


« Moisture-free basis. 


is a moderate increase in the percentage of impurity 
with decrease in particle size, the material finer 
than 200-mesh containing about twice as much im- 
purity as the material coarser than 14-mesh. 

None of these coals contains enough material of 
intermediate specific gravity to be considered par- 
ticularly difficult to wash. 

Description of Spiral Installation 

The laboratory installation of the spiral is shown 
in fig. 1. The unit itself is merely a spiral channel 
of modified semicircular cross-section. The type used 
for treating coal consists of six full turns in a verti- 
cal height of 5 ft with an outside diameter of 2 ft. 
A circular refuse port at the lowest point in the 
cross-section of the channel is provided at each 120 
interval of spiral turn. A small launder paralleling 
the main channel carries wash water, which is intro- 
duced as a cross-flow at the inner edge of the stream 
below each refuse port. 

In operation, coal and water at a solids concen- 
tration of 15 to 20 pct is introduced at the top of the 
spiral. As the coal flows downward, it is stratified in 
the stream according to particle size and specific 
gravity. The refuse product moves along the inner 
edge of the channel from which it is removed 
through the refuse ports. The proportion of refuse 
removed is controlled by the number of ports used 
and by adjustable splitters inserted in the ports. The 
remainder of the stream is discharged at the lower 
end of the spiral. 

Where the spiral is used for treating ores, it is 
customary to draw a concentrate from the upper 
ports and a middling product from the lower ones. 
Optionally, a middling product can be cut from the 
inner portion of the stream discharge. Depending 
upon the character of the ore and the type of sepa- 


Table III. Specific Gravity Analyses, by Size Fractions, 
of Clements, Ala., Coal 


Cumulative 
Specific Weight, Ash,* 


Size, Mesh Gravity Pet 


a 
a 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


8tol4 
Weight, 44.0 pet 


& 

6s 


14 to 28 
Weight, 28.5 pet 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


28 to 48 
Weight, 14.5 pct 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


C#UUS 


S anw 


48 to 100 
Weight, 7.8 pet 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


SSERE 


100 to 200 
Weight, 3.7 pet 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


eo 
= 
2833 
Pe 


couve 


Under 200 
Weight, 1.7 pet 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


ew 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


Composite 
Weight, 100.0 pct 


* Moisture-free basis. 


ration desired, either the tailing or the concentrate 
may be retreated in a secondary spiral; the middling 
product often is recirculated through the primary 
spiral. In treating coal any of these possibilities for 
retreatment could be utilized. However, in the two 
commercial plants now employing the spiral for 
cleaning coal, no retreatment is practiced—the spiral 
makes a two-product separation in a single pass of 
the material. 

The laboratory spiral, as indicated in fig. 1, is a 
full-size unit installed in closed circuit with a centri- 
fugal pump and a pump sump to permit rapid test- 
ing of small samples. Part of the output of the pump 
is sent through a centrifuge to provide clarified wash 
water for this closed-circuit arrangement. 


Test Procedure 


In making a test, the pump sump was filled to a 
fixed level with water, an 8-kg sample of coal was 
added to the sump, and the pulp was allowed to 
circulate through the spiral for 2 or 3 min to insure 
achieving equilibrium conditions. Simultaneous time 
samples were then collected from the individual 
refuse ports and from the end discharge of the 
spiral. In most of the work a splitter was employed 
to divide the end discharge stream into a washed 
coal and a middling product, the middling product 
comprising the inner portion of the stream. 

Of the 18 refuse ports provided, only five—one for 
each of the first five turns of the spiral—were em- 
ployed. In a typical series of tests on a particular 
coal, three or four trials were made with different 
settings of the splitters in the refuse ports in order 
to determine the optimum conditions required to 
give a refuse product of the desired quality. Then, 
with the refuse port openings fixed, several tests 


TRANSACTIONS AIME, VOL. 187, OCTOBER 1950, MINING ENGINEERING—1059 


Under 1.30 1.30 
1.30 to 1.40 1.40 
1.40 to 1.60 1.60 : 
1.60 to 1.80 1.80 
Over 1.80 1.80 
PY Under 1.30 1.30 ‘ 
1.30 to 1.40 1.40 
1.40 to 1.60 1.60 
1.60 to 1.80 1.80 
Over 1.80 1.80 
140 
1.40 1.40 
1.60 1.60 
1.80 1.80 
1.80 1.80 
1.30 to 1.40 140 
1.40 to 1.60 1.60 
1.60 to 1.80 1.80 
Over 1.80 1.80 
140 140 
1.40 1.40 
1.60 1.60 
1.80 1.80 
1.80 1.80 4 
1.40 58 5.0 1.40 
1.60 23 12.0 1.60 
1.80 1 26.1 1.80 s&s 
1.80 5 70.1 1.80 & 
1.40 51 5.1 1.40 
1.60 10 16.2 1.60 = 
1.80 1 35.0 1.80 { 
1.80 3 78.4 1.80 
1 
| | 4 
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Fig. 2—Cross section of spiral showing zones in 
stream created by various positions of washed coal- 
middling splitter. 


were made with different settings of the splitter 
that divided the end-discharge stream into washed 
coal and middling in order to establish the proper 
position for this division. With proper operating 
conditions thus established, a final test was made to 
obtain samples of all products for float-and-sink 
and screen-sizing examination. 

A middling product was made in nearly all of the 
tests to obtain more complete information on spiral 
performance. It was realized that a three-product 
separation is not desirable in most coal-washing 
operations. However, it was thought that in this 
work a middling product should be produced and 
its character in terms of size and specific-gravity 
composition determined in order to show the possi- 
bilities inherent in a three-product separation. Little 
work was done towards retreating this middling 
material, and at the present it is not possible to state 
definitely whether the middling material should be 


Table IV. Specific Gravity Analyses, by Size Fractions, 
of Poplar Ridge, Ky., Coal 


_ Cumulative M 
Specific Weight, Ash,* Weight, Ash,* 


Size, Mesh Gravity Pet Pet Pet Pet 


8tol4d Under 1.30 

Weight, 21.6 pet 1.30 to 1.40 
1.40 to 1.60 
1.60 to 
Over 


cnc 

SESES 

cwnNenw 


~ 
~ 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


14 to 28 
Weight, 32.3 pet 


sonoo 


28 to 48 
Weight, 19.3 pet 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


SoS 


48 to 100 Under 

Weight, 12.0 pct 1.30 to 
1.40 to 
1.60 to 
Over 


eae 


SESBR SRESE 


~ 
- 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


100 to 200 
Weight, 5.3 pet 


vee 
age 


Ne 


- 


Under 200 
Weight, 9.5 pet 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


aa & 


UN 


~ 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


Composite 
Weight, 100.0 pet 


ane 
ow 


* Moisture-free basis 


recirculated through the spiral or whether it should 
be retreated by a hydraulic classifier or other suit- 
able means to recover its content of clean coal. 

All spiral tests were made at a feed rate of 1 ton 
of coal per hr and at a concentration of solids in the 
feed of 18 to 20 pct. The influence of these two vari- 
ables—solids concentration and feed rate—were not 
investigated thoroughly because previous published 
work on the spiral” * appeared to have demonstrated 
conclusively that the optimum concentration of 
solids in the feed was 15 to 20 pct and that feed 
rates in excess of about 1 ton per hr resulted in im- 
paired efficiency. 


Black Eagle, W. Va., Coal 

The results of a series of tests made to determine 
the influence of refuse-port settings with Black 
Eagle coal are presented in table VI. 

All were made with the use of one refuse port in 
each of the top five turns of the spiral; the ports are 
numbered from the top down. With these five ports 
three fourths open, as in test 26, the refuse amounted 
to 11 pet of the feed and contained 23.4 pct ash. 
Closing the top two ports to one half open and the 
bottom three ports to one fourth open, as in test 39, 
reduced the amount of refuse to 4.6 pct of the feed 
and increased the grade to 39.4 pct ash. Closing the 
ports still further, as was done in test 37, reduced 
the production of refuse to only 2.3 pct but increased 
the grade of refuse to only 43.3 pct ash. Thus, the 
port openings prevailing in test 39 were considered 
optimum, even though the ash content of the refuse 
product was less than 40 pct. The 4.6 pct yield of 
refuse in this test is a little less than the 5.3 pct of 
impurity heavier than 1.60 sp gr present in the raw 
coal. For comparison, the impurity heavier than 1.60 
sp gr has an ash content of 66.9 pct. 


Table V. Specific Gravity Analyses, by Size Fractions, 
of Roslyn, Wash., Coal 


Cumolative 


Specific Weight, 


Size, Mesh Gravity Pet 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


Bto l4 
Weight, 31.3 pet 


ee 


14 to 28 
Weight, 31.4 pet 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


28 to 48 
Weight, 13.2 pct 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


nee 


48 to 100 
Weight, 11.8 pct 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


100 to 200 
Weight, 7.7 pct 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


wee 


Under 200 
Weight, 4.6 pet 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


NY 
Swe 


Under 
1.30 to 
1.40 to 
1.60 to 
Over 


Composite 
Weight, 100.0 pct 


Nee 


wwe ere 


Moisture-free basis. 
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SIZE, MESH 
Fig. 3—Percentage distribution of the specific gravity 
fractions of Black Eagle coal between spiral products 
by size fractions. 


OISTRIBUTION OF SPECIFIC-GRAVITY FRACTIONS OF FEED BETWEEN SPIRAL PRODUCTS, PERCENT 


The results presented in table VI demonstrate that 
with this coal the spiral was unable to effect a sepa- 
ration between coal and impurity accurately enough 
to give a refuse product of the quality generally 
considered acceptable. 

Table VII shows the results of a series of five tests 
made with this coal to determine the influence of 
the split between washed coal and middling. For 
this series of tests, the washed coal-middling splitter 
was set according to the diagram shown in fig. 2. 
With the splitter set at 2.75 in., a washed coal 
amounting to 83 pct of the feed and containing 5.8 
pet of ash was produced. With progressively in- 
creasing amounts of material directed into the mid- 
dling product, as in tests 43, 44, and 45, the ash con- 
tent of the washed coal was reduced steadily to a 
minimum of 4.9 pct. In test 46, however, in which 
the splitter was set to include in the middling all 
but the extreme outer portion of the stream, the ash 
content of the washed coal increased to 5.8 pct. As 
the increase in the proportion of middling was con- 
sidered excessive for the accompanying reduction 
in the ash content of the washed coal, test 42 was 
considered to represent the optimum division be- 
tween washed coal and middling. 

Table VIII shows the results of float-and-sink 
tests made at 1.60 sp gr on the spiral products of 
test 42, the test in which the yield of washed coal 
was 83.0 pct and yield of middling 13.3 pct. 

The washed coal contained 1.1 pct of impurity 
heavier than 1.60 sp gr, and the presence of this 
impurity increased its ash content by 0.5 pct. The 
refuse product contained over 50 pct of coal lighter 
than 1.60 sp gr. The middling product contained 
roughly three times the amount of heavy impurity 
present in the feed. 

Screen analyses of these float-and-sink fractions 


Table VI. Influence of Port Openings on Amount and 
Quality of Refuse, Black Eagle Coal 
Cumulative 


Port Weight, 


Preduct Opening Pet Pet 


Test 26 
Refuse port 


1 
2 
3 
4 
5 
End discharge 


Test 39 
Refuse port 


End dischar 


1 
2 
3 
4 
5 
ge 


Test 37 
Refuse port 


End discharge 


« Moisture-free basis 


Table VII. Influence of Split Between Washed Coal and 
Middling, Black Eagle Coal 
Cumulative 


Weight, Ash,* Weight, 
Inches Pet Pet Pet Pet 


Splitter 
Test Setting, 
Ne. Product 


42 Washed coal 2.75 
Middling 
Refuse 


Washed coal 
Middling 
Refuse 


ecw 


Washed coal 
Middling 
Refuse 


wo 
22S 

w 


Washed coal 
Middling 
Refuse 


ee S5u 


ees 


cers 


Washed coal 
Middling 
Refuse 


eon 


#8. 
+ 
Saw 
oe 


« Moisture-free basis 


Table VIII. Float-and-Sink Separations at 1.60 Sp Gr 
on Products from Spiral Test of Black Eagle Coal 


Cumulative 


Specific Weight, Ash,* Weight, Ash,« 
et 


Product Gravity Pet Pet Pet 


Washed coal Under 
Weight, 83.0 pct Over 


Middling Under 
Weight, 13.3 pet Over 


Refuse Under 
Weight, 3.7 pct Over 


* Moisture-free basis. 


Table IX. Screen Analyses of Specific Gravity Frac- 
tions of Spiral Products of Black Eagle Coal, Pct 


Sereen Size, Mesh 


Under 


Product PrP 14-28 28-48 48-100 100-200 


Washed coal 
Under 1.60 
Over 1.60 


Middling 
Under 1.60 § 2 
Over 160 15 3.3 2 


Refuse 
Under 160 5 32.5 35 
Over 1.60 31.7 16. 
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POSITION IN STREAM 
Fig. 4—Average particle size of specific gravity 
fractions of feed carried in various portions of 
stream. 


reveal some interesting aspects of spiral perform- 
ance, as indicated in table IX. The impurity in the 
washed coal was principally coarse material, 55.8 
pet being in the 8 to 14-mesh size fraction. The coal 
contaminating the refuse product, on the other hand, 
contained no material coarser than 14-mesh and 
bulked largely between 28 and 100-mesh. The coal 
in the middling product was noticeably finer than 
that in the washed coal, concentrating largely in the 
range from 14 to 48-mesh. The 15 pct of heavy im- 
purity associated with this coal in the middling 
product was distinctly coarse material; nearly 70 
pct was in the 8 to 14-mesh size fraction. 

These figures thus demonstrate that the spiral, 


Table X. Screen Analyses of Specific Gravity Fractions 
Flowing in Various Zones of Spiral Stream, Pct. 


Product Screen Size, Mesh 
and 
Specific Weight, Under 
Gravity Pet 8-14 14-28 28-48 48-100 100-200 200 
Refuse 3.9 
Under 1.60 52.6 0.0 42 32.5 35 14.8 13.2 
Over 160 474 45 41.7 317 1 4.0 18 
Zone A 13.2 
Under 1.60 84.6 6.6 424 30.9 12.8 3.9 3.4 
Over 160 154 68.7 21.7 34 2.1 1.6 2.5 
Zone B 15.5 
Under 1.60 97.2 23.3 424 21.4 72 3.1 2.6 
Over 1.60 28 62.2 17.2 5.7 4.6 4 5.7 
Zone C 16.9 
Under 1.60 98.3 55.2 32.0 8.7 3.3 0.7 0.1 
Over 1.60 1.7 48.3 11.7 6.7 8.3 10.0 15.0 
Zone D 26.7 
Under 1.60 994 46.1 28.4 110 6.2 1.8 6.5 
Over 1.60 0.6 94 12.5 94 12.5 15.6 40.6 
Zone E 16.3 
Under 1.60 99.7 38.4 20.5 16.3 12.1 79 4.8 
Over 1.60 0.3 0.0 6.1 6.1 17.5 26.3 43.9 
Zone F 75 
Under 1.60 98.9 26.2 74 114 16.8 148 23.5 
Over 1.60 1.1 0.0 1.2 12 6.1 20.2 712 
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Fig. 5—Percentage of specific gravity fractions of 
feed carried in various portions of stream. 


PERCENTAGE OF SPECIFIC-GRAVITY FRACTIONS 


| 


like most other gravity concentrating devices, effects 
a separation by particle size as well as by specific 
gravity. 

The influence of particle size in determining the 
recovery of the specific gravity fractions of the feed 
in the various spiral products is illustrated clearly 
in fig. 3. These curves indicate, for example, that of 
the total 8 to 14-mesh coal lighter than 1.60 sp gr 
present in the feed, 94 pct was recovered in the 
washed coal. The corresponding recovery decreased 
to reach a minimum of 62 pct in the 28 to 48-mesh 
size, then increased again with further decrease in 
particle size. Similarly, of the 8 to 14-mesh impurity 
heavier than 1.60 sp gr present in the spiral feed, 
only 4 pet went into the refuse product, 84 pct was 
discharged as middling, and 12 pct entered the 
washed coal. The elimination of heavy impurity in 
the refuse product reached a maximum of 85 pct in 
the 28 to 48-mesh size and then decreased again 
with further decrease in particle size. 

The influence of particle size on the performance 
of the spiral is illustrated even more clearly in the 
results of a series of tests on Black Eagle coal in 
which the character of the material flowing in each 
%4-in. increment of the stream was determined. 
Operating conditions for this series of tests were the 
same as those prevailing in test 42, which was de- 
scribed previously. The zones or increments of the 
spiral stream used in this work are illustrated in 
fig. 2. Zone A included all of the innermost portion 
of the stream except the material drawn off through 
the refuse ports. Zones B through E were approxi- 
mately ‘% in. wide, as measured along the cross- 
section of the spiral, and zone F included all of the 
stream beyond E. 

Table X shows the proportion of the spiral feed 
flowing in each zone of the stream, the percentages 
of materials heavier and lighter than 1.60 sp gr in 
each zone, and the screen analyses of these specific 
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gravity fractions. As shown by the tabular data in 
table X and by the graphic presentation in fig. 4, the 
clean coal lighter than 1.60 sp gr becomes progres- 
sively coarser with greater distance from the inside 
of the spiral until maximum size is achieved in zone 
C. The clean coal flowing in the stream beyond this 
point becomes progressively finer. 

The distribution of heavy impurity in the stream 
differs markedly from that of the clean coal. As 
shown by the data in table X and also by the graphic 
presentation in fig. 5, the material flowing in zone A 
just outside the refuse ports contains a high propor- 
tion of impurity. In fact, reference to fig. 4 indicates 
that, whereas 38 pct of the total impurity in the 
feed was stratified along the inner edge of the stream 
where it could be drawn through the refuse ports, 
41 pet of the impurity was stratified just a little 
farther out in the stream where it could not be 
caught in the ports. The coarseness of the impurity 
flowing in zone A accounts for its presence that far 
out in the stream; the impurity in this zone con- 
tained 68.7 pct of material coarser than 14-mesh, 
while the impurity removed through the refuse ports 
contained only 4.5 pct in this size fraction. The pro- 
portion of the total impurity accounted for in the 
other zones of the stream decreases rather rapidly 
to reach a minimum of 1.0 pct in zone E. The particle 
size of the impurity also decreases rapidly in these 
zones. 

To generalize on the performance of the spiral, 
the modifying influence of size on specific gravity is 
such that intermediate-size particles tend to stratify 
in the inner portion of the stream, coarser particles 
are stratified farther out, and the finest particles 
remain suspended in she water to assemble pre- 
dominantly in the extreme outer portion of the 
stream. In consequence of this behavior, the washed 
coal is contaminated with impurity principally in 
the coarsest and finest sizes, while conversely, the 
major loss of clean coal in the refuse product occurs 
in the intermediate sizes. 

The magnitude of this loss of coal to the refuse 
product in the intermediate sizes, in terms of the 
efficiency of a two-product separation of this coal, 
is indicated in table XI. Efficiency, as the term is 
used here, is the ratio of the yield of washed coal 
to the yield of float coal of the same ash content 
shown to be present in the feed by specific gravity 
analysis. As indicated in table XI, operation of the 
spiral to reduce the ash content of this coal from 
8.4 to 7.2 pct by the removal of 3.7 pct of refuse re- 
sulted in an efficiency of 97.4 pct. If greater ash re- 
duction is attempted in a two-product separation, 
efficiency decreases rapidly. Producing a washed 
product of 5.2 pct ash, corresponding to a separation 
at 1.60 sp gr, results in an efficiency of only 71 pct. 

For the sake of comparison, this coal unquestion- 
ably could be washed at 1.60 sp gr on a table with 
an efficiency of 99 pct. 


Clements, Ala., Coal 


The Clements coal contains slightly more heavy 
impurity than that in the Black Eagle coal already 
described, and the impurity is considerably finer. 
From the standpoint of specific gravity composition, 
the Clements coal is very easy to wash since it con- 
tains little material of intermediate density. Inas- 
much as the behavior of these two coals in the spiral 
was quite similar, less detailed data will be pre- 
sented for the Clements coal. 

Table XII indicates the results obtained in two 
trials made to determine the optimum settings of 
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Table XI. Efficiency of Washing Black Eagle Coal to 
Various Ash Contents 


in Yield of Yield of Em - 


Test Washed Washed Float clency, 
Ne. Coal, Pet Coal, Pet Coal, Pet Pet 
42 72 96.3 98.9 97.4 
26 67 89.0 98.3 90.5 
42 5.8 83.0 96.7 85.8 
a3 5.2 67.5 95.0 71.1 


* Moisture-tree basis 


Table XII. Influence of Port Openings on Amount and 
Quality of Refuse, Clements Coal 


Cumulative 


Port Weight, Ash,* Weight, Ash," 

Product Opening Pet Pet Pet Pet 
Test 40 

Refuse port 1 ha 12 50.4 12 50.4 

2 Ma 15 59.5 2.7 55.5 

3 ‘e 03 52.8 3.0 55.2 

4 ‘4 0.3 30.6 3.3 53.0 

5 ‘4 05 27.5 3.8 49.6 

End discharge 96.2 42 100.0 5.9 
Test 41 

Retuse port 1 23 434 2.3 43.4 

2 “ 24 43.5 a7 43.5 

3 ‘a 0.6 32.4 5.3 42.2 

4 ‘a 0.7 20.7 6.0 39.7 

5 te 1.1 15.5 71 35.9 

End discharge 92.9 3.9 100.0 6.1 


Moisture-free basis 


Table XII. Influence of Split Between Washed Coal 
and Middling, Clements Coal 


Splitter Cumulative 
Test Setting, Weight, Ash, Weight, Ash, 
No. Product Inches Pet Pet Pet Pet 
47 Washed coal 2.75 86.4 3.4 86.4 
Middling 10.1 12.4 96.5 
Refuse 3.5 49.7 100.0 
48 Washed coal 3.25 75.5 2.9 75.5 2.9 
Middling 20.9 10.8 96.4 46 
Refuse 3.6 49.5 100.0 62 
49 Washed coal 3.75 ‘69 3.1 “9 3.1 
Middling 39.7 67 96.6 46 
Refuse 3.4 495 100.0 6 
50 Washed coal 4.25 32.4 33 32.4 3.3 
Middling 64.2 5.5 96.6 48 
Refuse 3.4 49.5 100.0 6.3 
51 Washed coal 4.75 21.5 26 21.5 26 
Middling 75.1 5.6 96.6 49 
Refuse 4 49.5 100.0 64 


Moisture-free basis 


the refuse ports. In test 40, made with the upper two 
ports one half open and the three lower ports one 
fourth open, a refuse product amounting to 3.8 pct 
and containing 49.6 pet ash was produced. Removing 
a greater percentage of refuse would have been de- 
sirable for, as shown by the float-and-sink data in 
table III, the raw coal contained 6.7 pct impurity 
heavier than 1.60 sp gr. However, when the ports 
were opened wider for test 41, the quality of the 
refuse was decreased from nearly 50 pct ash to 36 
pet. In the light of these results, the port openings 
shown for test 40 were adopted as standard for all 
subsequent work. 

The results obtained with various settings of the 
washed coal-middling splitter are presented in table 
XIII. A washed coal containing 3.4 pet ash was ob- 
tained at a yield of 86.4 pct in test 47, in which a 
middling product amounting to 10.1 pct of the feed 
was made. As with Black Eagle, moving the splitter 
farther out into the stream gave a washed product 
of somewhat lower ash content but only with drasti- 
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DISTRIBUTION OF SPECIFIC-GRAVITY FRACTIONS OF FEEO BETWEEN SPIRAL PRODUCTS, PERCENT 


Fig. 6—Percentage distribution of the specific gravity 
fractions of Clements coal between spiral products 
by size fractions. 


cally reduced yield. For example, comparing tests 
47 and 48, to reduce the ash content of the washed 
coal from 3.4 to 2.9 pct, the percentage of the feed 
directed into the middling product had to be in- 
creased from 10 to 21 pet. Accordingly, the condi- 
tions prevailing in test 47 were considered optimum, 
and samples of all products made in this test were 
subjected to float-and-sink and screen-sizing exam- 
ination. 

The results of this examination are shown in table 
XIV. 

The washed coal contained 1.9 pct of impurity 
heavier than 1.60 sp gr, and the presence of this 
impurity increased its ash content from 2.3 to 3.4 
pet. The refuse contained 42.1 pct of coal lighter 
than 1.60 sp gr, and the middling product was com- 
posed of 85 pct coal and 15 pet impurity. Screen 
analyses of these specific gravity fractions are given 
in table XV. 

The impurity contaminating the washed coal was 
substantially finer than that in the washed product 
from Black Eagle, not because of any difference in 
spiral operation but rather because of the fineness 
of the impurity in the raw coal. As with Black Eagle, 


Table XIV. Float-and-Sink Separations at 1.60 Sp Gr 
on Products from Spiral Test on Clements Coal 


Cumulative 


Specific Weight, Ash." Weight, 
Gravity Pet Pet Pet 


Product 


Washed coal Under 1.60 9 2.3 98.1 
Weight, 86.4 pct Over 1.60 58.: 100.0 


Middling Under 1.60 5.5 7 85.5 
Weight, 10.1 pct Over 1.60 5 H 100.0 
Refuse Under 1.60 4 42.1 
Weight, 3.5 pct Over 1.60 57.9 100.0 


Moisture-free basis. 
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OISTRIBUTION OF SPECIFIC-GRAVITY FRACTIONS OF FEED BETWEEN SPIRAL PRODUCTS, PERCENT 


FLOAT 


26 48 100 200 
SIZE, MESH 
Fig. 7—Percentage distribution of the specific gravity 
fractions of Poplar Ridge coal between spiral products 
by size fractions. 


the heavy impurity in the middling product was 
substantially coarser than that in the washed coal, 
and the impurity in both was much coarser than that 
drawn off through the refuse ports. The clean coal 
lost in the refuse product tended to be of inter- 
mediate size. 

Fig. 6 illustrates the magnitude of the influence 
of particle size by showing the recovery in each 
spiral product of the specific gravity and size frac- 
tions present in the feed to the spiral. The curves in 
fig. 6 do not differ materially from those given in 
fig. 3 for Black Eagle coal. They show the same 
maximum elimination of impurity in the inter- 
mediate sizes and the same maximum loss of clean 
coal in the intermediate sizes. 

On the whole, operation of the spiral on Clements 
coal was less satisfactory than on Black Eagle. The 
specific gravity analyses of Clements coal given in 
table III indicate that a reduction in ash content 
from 6.8 to 2.3 pet should be obtainable with high 
efficiency. The spiral was unable to produce a 
washed product containing 2.3 pct ash, and, even in 
making a washed product of substantially higher ash 
content, an appreciable loss of clean coal occurred. 


Poplar Ridge, Ky., Coal 


The Poplar Ridge coal is much more difficult to 
wash than either of the two coals described pre- 
viously because it contains substantially more ma- 
terial of intermediate density and a great deal more 
heavy impurity. This coal might be described as 
moderately difficult to wash, while on the same basis 
the two previous coals would be described as very 
easy to wash. Considering all sizes together, this 
coal contains 16.7 pct of impurity heavier than 1.60 
sp gr, and the proportion of impurity increases 
steadily with decrease in particle size. The sizes 
finer than 100-mesh contain over 30 pct of impurity. 

The results of two trials made to determine the 
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Table XV. Screen Analyses of Specific Gravity Frac- 
tions of Spiral Products of Clements Coal, Pct 


Sereen Size, Mesh 


Under 


Product Pet 8-14 14-28 28-48 48-100 100-200 200 


Washed coal 5 


86.4 
Under 1.60 98.1 57.5 23.5 9.6 5.4 24 1.6 
Over 1.60 19 28.9 8.6 5.9 7.0 12.8 36.8 

Middling 10.1 
Under 1.60 85.5 7.0 39.9 32.3 14.3 4.3 2.2 
Over 160 145 3.9 25.7 5.2 45 5.0 5.7 

Refuse 3.5 
Under 160 42.2 9.1 10.7 33.6 29.2 11.0 64 
Over 1.60 57.8 13 1 35.9 24.3 6.5 3.9 


Table XVI. Influence of Port Openings on Amount and 
Quality of Refuse, Poplar Ridge Coal 


Cumulative 
Weight, Ash,” 
Pet Pet 


Port Weight, Ash,* 
Opening Pet Pet 


Product 


Test 24 

Refuse port 1 ay 3.0 47.6 3.0 47.6 

2 a 42 45.2 72 46.2 

3 Me 1.0 40.5 82 45.5 

4 Ye 12 32.8 9.4 43.9 

5 he 1.6 25.0 11.0 41.1 

End discharge 89.0 11.5 100.0 14.8 
Test 25 

Refuse port 1 % 15 52.3 15 52.3 

2 2 3.5 51.9 5.0 52.0 

3 ta 0.7 44.0 5.7 51.0 

4 Ma 0.6 43.8 6.3 50.3 

5 Ms 0.5 35.0 68 49.2 

End discharge 93.1 119 100.0 14.5 


= Moisture-free basis. 
optimum opening of the refuse ports are shown in 
table XVI. In test 25, made with the top three refuse 
ports one half open and the lower two ports one 
fourth open, 6.8 pct of refuse containing about 50 pct 
ash was produced. This quantity of refuse is less 
than one half of the amount of impurity heavier 
than 1.60 sp gr shown to be present in the feed by 
the specific gravity analysis given in table IV. How- 
ever, as demonstrated by the results of test 24, open- 
ing the refuse ports wider to extract a higher per- 
centage of refuse impaired greatly the quality of 
this product. The port openings of test 25 were there- 
fore adopted as optimum for subsequent work. 

The results of five tests made to explore the in- 
fluence of the split between washed coal and mid- 
dling are given in table XVII. It will be observed 
that with this coal the production of a middling 
product was not an effective means of reducing the 
ash content of the washed coal. In test 33, for exam- 
ple, directing 14 pct of the feed into a middling 
product reduced the ash content of the washed coal 
by only 1.1 pet. Increasing the cut to middling, as 
was done in the other four tests of this series, had 
substantially no influence on the quality of the re- 
sulting washed coal. Consequently, the remainder 
of the performance data for this coal are presented 
in terms of a two-product separation. 

Table XVIII shows the results of float-and-sink 
separations “iade at 1.60 sp gr on washed coal and 
refuse produced by the spiral when operated with 
the refuse port openings indicated for test 25. The 
washed coal contained nearly 15 pct of impurity 
heavier than 1.60 sp gr, and the presence of this 
impurity increased the ash content of the washed 
coal from 7.9 to 12.6 pct. The refuse had an ash con- 
tent of about 54 pct and contained 21.2 pct of coal 
lighter than 1.60 sp gr. 

Screen analyses of the specific gravity fractions of 
table XVIII are given in table XIX. The heavy im- 
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Table XVII. Influence of Split Between Washed Coal 
and Middling, Poplar Ridge Coal 


Cumulative 
Splitter 
Test Setting, Weight, Ash,* Weight, Ash,* 
Ne. Product Inches et Pet Pet Pet 
33 Washed coal 2.75 79.4 11.8 79.4 11.8 
Middling 14.0 19.1 93.4 12.9 
Refuse 6.6 53.7 100.0 15.6 
29 Washed coal 3.25 65.2 12.0 65.2 12.0 
Middling 28.7 14.0 93.9 12.6 
Refuse 6.1 51.6 100.0 15.0 
30 Washedcoal 3.75 “47 11.9 “47 119 
Middling 49.4 12.8 4.1 12.4 
Refuse 5.9 53.7 100.0 14.8 
31 Washed coal 4.25 23.2 16.1 23.2 16.1 
Middling 70.9 11.9 94.1 12.9 
Refuse 5.9 52.6 100.0 15.3 
32 Washed coal 4.75 10.8 16.4 10.8 16.4 
Middling 83.2 12.6 94.0 13.0 
Refuse 6.0 43 100.0 15.5 


* Moisture-free basis. 


Table XVIII. Float-and-Sink Separations at 1.60 Sp Gr 
on Products from Spiral Test of Poplar Ridge Coal 


Cumulative 


Product Specific Weight, Ash. Weight, Ash,* 
Gravity Pet Pet Pet Pet 
Washed coal Under 1.60 85.1 79 85.1 79 
Weight, 94.3 pet Over 1.60 14.9 39.6 100.0 12.6 
Refuse Under 1.60 21.2 13.0 212 13.0 
Weight, 5.7 pct Over 1.60 78.8 “9 100.0 53.9 


* Moisture-free basis. 


Table XIX. Screen Analyses of Specific Gravity Frac- 
tions of Spiral Products of Poplar Ridge Coal, Pct 


Sereen Size, Mesh 


Weight, Under 

Product Pet 8-14 14-28) «6-28-48 48-100 «100-2060 200 
Washed coal 4.5 

Under 1.60 85.1 28.9 38.0 174 94 40 2.3 

Over 160 149 64 17.9 9.6 8.1 7.6 50.4 
Refuse 5.7 

Under 1.60 212 0 1 9 35.2 15.2 76 

Over 160 78.8 0.7 30.8 38.1 17.7 6.3 64 


purity in the washed coal was predominantly fine 
material, 54 pet being finer than 200-mesh. The 
clean coal lost in the refuse product was largely of 
28 to 100-mesh size, and, in this respect, perform- 
ance of the spiral on this coal was the same as on 
the other two coals previously described. 

Fig. 7, which shows the distribution made by the 
spiral of each size and specific gravity fraction of the 
feed between the various spiral products, differs 
from the corresponding curves given for Black Eagle 
and Clements coals in only one particular. With this 
coal the proportion of heavy impurity entering the 
washed product increased steadily with decrease in 
particle size instead of reaching a minimum in the 
intermediate sizes. This circumstance probably is 
attributable to the fineness of the impurity in the 
Poplar Ridge coal. 

With a coal containing so much fine impurity, de- 
sliming of the washed coal from the spiral would 
have reduced its ash content substantially. 


Roslyn, Wash., Coal 


Roslyn coal, like Poplar Ridge, contains consid- 
erable heavy impurity and a moderate amount of 
material of intermediate density. Although the finer 
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Fig. 8—Percentage distribution of the specific gravity 
fractions of Roslyn coal between spiral products by 
size fractions. 


sizes are somewhat dirtier than the coarse material, 
this trend is not so pronounced as in the Poplar 
Ridge coal. 

A great many spiral tests have been made with 
Roslyn coal, and no difficulty was experienced in 
setting the refuse ports to obtain a refuse product 
ranging from 56 to 59 pct ash. Refuse of better grade 
than this could not be made in appreciable quantity. 
Incidentally, with this coal, it was found that the 
same quantity and grade of refuse could be pro- 
duced using only the top three ports as by using five 
ports, all only partly open. Thus, in making a two- 
product separation on Roslyn coal, the spiral could 
be shortened from six turns to three turns without 
any sacrifice in efficiency. 

The results of a series of five trials made to de- 
termine the influence of the washed coal-middling 
splitter setting are given in table XX. The ash con- 


Table XX. Influence of Split Between Washed Coal and 
Middling, Roslyn Coal 


Cumulative 


Splitter 
Test Setting, Weight, Ash," Weight, Ash,” 
No. Product Inches Pet Pet Pet Pet 
60 Washed coal 2.75 718 11.8 718 11.8 
Middling 12.2 29.0 84.0 14.3 
Refuse 16.0 58.8 100.0 21.4 
61 Washed coal 3.25 60.3 11.2 60.3 11.2 
Middling 244 23.4 84.7 14.7 
Refuse 15.3 57.5 100.0 21.3 
62 Washed coal 3.75 40 112 44.0 11.2 
Middling 39.3 17.8 83.3 14.3 
Refuse 16.7 59.3 100.0 21.8 
63 Washed coal 4.25 22.0 12.9 22.0 12.9 
Middling 61.7 15.7 83.7 15.0 
Refuse 16.3 57.0 100.0 21.8 
4 Washed coal 4.75 10.5 16.8 10.5 16.8 
Middling 740 15.1 84.5 15.3 
Refuse 15.5 56.5 100.0 21.7 


Moisture-free basis 
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tent of the washed coal was reduced from 14.3 to 
11.8 pet by making a middling product amounting 
to 12 pct of the feed. However, doubling the amount 
of material directed into the middling product only 
reduced the ash in the washed coal an additional 
0.6 pet. 

To obtain samples for float-and-sink tests, a trial 
was made with the spiral adjustments prevailing in 
test 60 of table XX. The spiral products from this 
test were deslimed at 200-mesh to eliminate a part 
of the clay slimes that form through the disintegra- 
tion of the clay associated with Roslyn coal. The 
slimes removed amounted to 3.9 pct of the spiral 
feed and contained 50 pct ash. The deslimed spiral 
products were separated at 1.60 sp gr. The results 
are given in table XXI. The washed coal contained 
3.7 pct of impurity heavier than 1.60 sp gr, and the 
presence of this material increased its ash content 
from 9.6 to 11.4 pet. The refuse contained about 28 
pet of coal lighter than 1.60 sp gr, and the middling 
product was composed of 70 pct coal accompanied 
by 30 pet impurity. 

Screen analyses of these float-and-sink fractions 
are given in table XXII. As with the other coals 
tested, the impurity contaminating the washed coal 
was principally material coarser than 14-mesh, to- 
gether with slimes finer than 100-mesh. Conversely, 
the coal in the refuse product bulked largely be- 
tween 28 and 100-mesh. The coal in the middling 
was substantially finer than the accompanying im- 
purity. 

The performance of the spiral on Roslyn coal is 
summarized best in fig. 8, which shows how the 
specific gravity fractions of the spiral feed were 
divided into washed coal, middling, and refuse in 
each size fraction. Just as with the other coals de- 
scribed previously, the recovery of clean coal was 
best in the coarsest and finest sizes, but the elimina- 
tion of impurity was poorest in these sizes. 

Table XXIII was prepared to show the type of 
two-product separation possible with the spiral on 
this coal. These data are from the test described pre- 
viously in which the spiral products were deslimed; 
the two-product separation was created by adding 
the middling to the washed coal. In the 8 to 14-mesh 
size, little ash reduction was effected because this 
size of material reports almost wholly to the washed 
product. The spiral performed best on the 14 to 28- 
mesh size in which the ash was reduced from 20.4 to 
11.1 pet with an efficiency of 97.6 pct. In the 28 to 
48 and 48 to 100-mesh sizes the efficiency was lowest, 
for these are the sizes of coal that characteristically 
stratify with the refuse product and are thus lost. 
In the sizes under 100-mesh, efficiency improved, 
but ash reduction suffered because most of the fine 
material tended to accompany the washed coal. 


Spiral Test on Classified Roslyn Coal 


The performance data included in this report for 
four coals having materially different washability 
characteristics suggest that the ideal feed for the 
spiral—to permit it to make maximum ash reduc- 
tion with minimum loss of coal—would be one in 
which the clean coal was of 8 to 28-mesh size and the 
accompanying impurity was of 28 to 100-mesh size. 
These ideal specifications could not be met by any 
natural raw coal, but they are approached by a 
hydraulically classified material. For example, the 
products from the intermediate spigots of a mul- 
tiple-spigot classifier are comparatively free of all 
finer material, and the coal is substantially coarser 
than the accompanying heavy impurity. 
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Table XXI. Float-and-Sink-Separations at 1.60 Sp Gr 
on Products from Spiral Test of Roslyn Coal 


Cumulative 
Weight, Weight, Ash,* 
Pet Pet Pe Pet 


Product Specific 


Gravity 
Washed coal Under 1.60 3 96.4 
Weight, 72.6 pct Over 1.60 3.6 g 100.0 
Middling Under 1.60 69.2 
Weight, 12.7 pct Over 1.60 5 100.0 
Refuse Under 1.60 b 27.6 
Weight, 14.7 pct Over 60 76.7 100.0 


Moisture-free basis 


Table XXII. Screen Analyses of Specific Gravity Frac- 
tions of Spiral Products from Roslyn Coal, Pct 
Sereen Size, Mesh 


Weight, 


Under 
Product Pet 8-14 14-28 28-48 


48-100 100-200 «6200 


Washed coal 
Under 1.60 
Over 1.60 

Middling 
Under 1.60 
Over 1.60 


Refuse 
Under 1.60 
Over 1.60 


In an effort to demonstrate that a hydraulically 
classified feed would permit better spiral operation, 
a sample of Roslyn coal was treated in a single- 
spigot classifier adjusted to remove as a spigot 
product only the coarse impurity. The overflow 
product from the classifier was then pumped through 
a cyclone to eliminate part of the material finer than 
200-mesh. The resulting roughly classified product 
formed the feed for a spiral test in which a two- 
product separation was made. 

The results of this test are compared with those 
for a test on a natural feed in table XXIV. With the 
spiral adjusted to give a refuse product of 60 pct 
ash, corresponding to the best refuse obtainable in 
tests on natural coal, it was possible to obtain a 
washed coal containing 11.7 pct ash instead of 14.3 
pet. The washed coal from the classified feed con- 
tained only one half as much heavy impurity as that 
in the washed product obtained from a natural feed. 
The screen analyses of the heavy impurity con- 
taminating the washed coal in these two tests demon- 
strate that classification of the feed minimized the 
amount of coarse impurity entering the washed coal. 
The presence of 26 pct of heavy impurity finer than 
200-mesh in the washed coal from the classified feed 
is attributable largely to the fact that the clay asso- 
ciated with Roslyn coal slimes so readily. Had this 
test been made on a coal containing impurity that 
was more stable in water, the improvement possible 
through classification would have been more pro- 
nounced. 

These rather fragmentary results appear to bear 
out the contention that preclassification of spiral 
feed would be beneficial. It must be realized also 
that silt bank material or the underflow product of 
a thickener operated as a hydroseparator such as 
currently are being treated in the spiral” constitute 
semiclassified feeds. 
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Table XXIII. Ash Content, Yield, and Efficiency by 
Particle Size for a Two-Product Separation of Roslyn 
Coal 


Ash* Content, Pet Vield, Pet 
Washed Washed Filoeat 
Size, Mesh Feed Coal f Coal 


5 98.1 
1 86.5 
9 81.4 
1 
5 


15 
1 


48 to 100 


1 e435 
100 to 200 q 2 

3 

1 


95.1 


4 58.6 53 92.8 


Under 200 2.5 
Composite 100.0 


* Motsture-free basis 


Table XXIV. Comparison of Spiral Tests Made on 
Natural and Classified Roslyn Coal 


Type of Feed 


Natural Classified 


Ash content of feed, pct 

Ash content of washed coal, pct 

Ash content of refuse, pct 

Yield of washed coal, pet 

Sink 1.60 specific gravity in washed coal, pet 


Screen analysis of impurity in washed coal, pct 
8 to 
l4to 28 
28to 48 
48 to 100 
100 to 200 
Under 200 
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Petalite—_A New Commercial Mineral 


by John D. Clark 


NE’S lifetime does not usually offer the oppor- 
tunity to observe and be a part of the com- 
mercial development of an entirely new material. 
Petalite has been known for over a century, but at 
first it was presumed rare. However, it was found 
to be so abundant that it has become a new and 
extremely useful industrial tool. 
Mineralogy 
Petalite is a lithium-aluminum-silicate mineral. 
It was from petalite that J. A. Arfwedson first dis- 
covered lithium in 1818. The theoretical composi- 
tion of Li,O-AlLO,-8SiO, is equivalent to 78.4 pct 
silica, 16.7 pet alumina and 4.9 pct lithia. The 
mineral in its known commercial occurrence is 
colorless to white and rarely gray, transluscent 
and rarely transparent. It is brittle, has a vitreous 
luster, and occurs usually in cleavable masses (fig. 
1). It is classified as a di-silicate, but is similar in 
composition to the metasilicate spodumene, Li,O-- 
ALO,-4Si0O, (table 1). However, their specific gravi- 
ties are quite different (3.13 to 3.20 for spodumene, 
2.39 to 2.46 for petalite). 
Occurrence 
Petalite specimens have been reported in many 
localities; however, there are only three known 
countries having occurrences of commercial signif- 
icance, The classic locality is Sweden’s Ut6 Mines, 
which, although reportedly still containing con- 
siderable petalite, have been closed and are not 
expected to be operated in the near future. At 


Varutrisk, in northern Sweden, petalite carrying 
4 pct lithium oxide is the main ore. In 1946 there 
was reported about 1000 tons on hand. However, 
the iron content was 0.60 pct too high for other 
than chemical use. 

Petalite has been reported in western Australia. 
At the Cottesloe mine, where small quantities have 
been reported available, it is produced in conjunc- 
tion with feldspar. Petalite occurs in considerable 
quantity in the feldspar quarry at Londonderry, 
and it was estimated’ in 1943 that over 3700 tons 
might be available. 

The petalite in South West Africa was first dis- 
covered by F. J. Jooste, a lawyer by profession, in 
1938. The following year he discovered a much 
larger deposit, and in 1948 another important dis- 
covery was made. These deposits occur near Kari- 
bib and constitute the only known commercial 
deposits. Their full extent has not yet been de- 
termined, but huge massive blocks of petalite of 
the purest grade, running into many thousands of 
tons, can be seen in all these deposits. To date, 
60,000 tons of high grade, low iron containing ore 
has been blocked out in the major bodies. Mining 
for years to come will be confined to simple quarry- 
ing. Selection from accessory minerals has proved 
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Fig. 1—Specimen of translucent petalite from South 

West Africa. The evidence of cleavage shown is not 

generally so prevalent. Massive petalite is readily 
mineable free of all accessory minerals. 


to be no problem. Transportation to dockside is 
more than adequate. 

The mineral occurs in quartz blows, generally 
surrounded by granite and pegmatite bodies par- 
allel to, or in line with, the lepidolite bodies, with 
amblygonite and beryl on a much smaller scale. 
Maps or charts of the deposits, unfortunately, are 
not yet available. 

It is interesting to note that petalite has the ap- 
pearance and characteristic mode of occurrence of 
pegmatitic quartz. It is not surprising, therefore, 
that for a great number of years many geologists 
of high repute, mining engineers and inspectors of 
mines, are reported to have walked over and even 
sat on these deposits without noticing the existence 
of this mineral. This is understandable because the 
cleavage of petalite, called “perfect” in handbooks, 
has been observed to be poor to fair in specimens 
examined. 

In October 1945 at the AIME meeting at 
Franklin Institute, Philadelphia, I presented a 
paper’ entitled “Lepidolite—Its Occurrences and 
Uses.” Among the world’s known lepidolite occur- 
rences, I singled out the deposits of South West 
Africa with particular detail. I described how the 
ore bodies dipped with the pegmatites with which 
they are associated with white pegmatitic quartz. 
It is believed that this reported pegmatitic quartz 
may have been wholly petalite. 

This paper also stated that “recent word from the 
mines is that petalite has been described as most 
abundant.” No further details of origin were avail- 
able at that time. The first shipment of several 
tons arrived in Philadelphia during the spring of 
1945. 

Research and Development 

By early 1947 the advent of jet and rocket engines 

had stimulated great interest in the discovery and 


application of heat-resisting ceramic materials. 
These were to withstand rapidly repeated heat 
shock up to and exceeding 1400°C (2550°F). Many 
trial bodies, which at first seemed promising, failed 
during endurance tests. However, these same 
bodies proved quite satisfactory for less technical 
applications, especially when operating tempera- 
tures were at 1300°C (2372°F) and lower, and when 
the rate of temperature change was measured in 
minutes instead of seconds. Thus, Floyd Hummel 
of Pennsylvania State College, who had been in- 
terested in the lithia-alumina-silica system, under- 
took further private investigations of this promis- 
ing “tangent” early in 1947. Being first interested 
in the structural relationship between spodumene 
and cordierite, he extended his scope of interest to 
petalite. A study of the lithia-alumina-silica system 
was made by R. A. Hatch.” 

A paper by R. Roy, D. M. Roy, and E. F. Osborn,‘ 
broadened the fundamental knowledge of the lithia- 
alumina-silica system. The molecular formula of 
petalite is in doubt according to Roy. Evidence in- 
dicates that the theoretical ratio of lithia-alumina- 
silica may be other than 1:1:8 as generally quoted 
in all handbooks. 

The preliminary report of Hummel’s’ develop- 
ment of natural petalite ceramic bodies indicated 
that natural petalite undergoes a dissociation into 
beta spodumene and amorphous silica upon heating 
to 1100°C. This dissociation is irreversible, which 
is ideal to produce thermal shock-resisting ceramic 
bodies. Since this report, many investigations have 
been conducted portending a wide scope of com- 
mercial applications. 


Thermal Expansion of Natural Petalite 


Petalite begins to dissociate into beta spodumene 


and a siliceous glass around 1000°C, resulting in a 


linear coefficient of expansion of 19x10" cm per cm 
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per °C, with movement coming in the early stages 
of heating. At this point, the mineral is apparently 
undissociated. Firing to 1100°C for an hour brings 
about an unusual change in that the expansion is 
now a straight line type and about the same magni- 
tude as that of fused silica. Heating to 1250°C 
lowers the linear expansion below that of fused 
silica. 
Theoretical Considerations 

The fact that lithium resembles certain members 
of the alkaline earth group has been reported on 
numerous occasions, as has the anomalous behavior 
of silicate glasses containing the ions Li’, Be’, and 
Mg"*. These ions, smaller than ions such as Na’, K’, 
Sr’, Ba’*, and Pb", give rise to “contracted” 
glasses, that is, glasses that have a higher density 
than would be expected from theoretical calcula- 
tions. They also have higher densities than the 
crystalline phases of the same compositions. As a 
glass cools from its molten condition, its density 
apparently depends on the size of the cations is 
has to accommodate. Evidence of this is indicated 
by studies of cordierite (a magnesium-aluminum- 
silicate) and spodumene as well as petalite. 

Therefore, in practice, low expansion petalite 
ceramics are produced in a porous sintered form, 
taking full advantage of the minimum stress indi- 
cated by the combined low expansion of the silica 
residue and beta spodumene. Such bodies have a 
relatively long firing range. 

To produce dense ceramics of low porosity, as 
well as expansion, advantage is taken of the ad- 
mixtures, such as zircon, which act as inert low 
expansion fillers and provide means by which a 
maximum of sintered petalite can be retained out of 
solution. This tends to 
range of such bodies. 


also lengthen the firing 


Commercial Applications 
Past applications of so-called “heat shock” cera- 


mic bodies limited to 


types such as alumina, mullite, zircon, and cordie- 


were a few conventional 
rite. Under acute conditions it is necessary on oc- 
casion to resort to fused silica articles. 
Commercial alumina or corundum bodies have 
linear coefficient of expansion in the range of 70 
to 85 mullite and zircon from 40 to 45, and cordier- 
ite from 15 to 30 (all x 10° em per cm per °C). 
Fused silica is in the range of 5 to 8x10". 
or dense natural petalite bodies are adaptable to 


Porous 


all ceramic forming practices. 
duced 


They can be pro- 
thermal expansion 
equivalent to fused silica, down to having to a low 
thermal contraction 


having a low positive 
Within this range, bodies can 
having 0 to 


700°C. Such bodies require precise firing conditions 


be formulated zero expansion from 


and composition such that at least partial synthesis 
is necessary. Interferometer tests are used on all 


tests to eliminate the margin of error in con- 


ventional fused silica apparatus. 


Table I Composition of Petalite 


76.19 76.16 76.50 75.30 51.74 
16.48 17.24 17.50 3.25 17.20 28.4 27.50 
0.21 0.10 0.18 0.06 5 0.08 
trace trace 0.15 
0.21 0.10 ® 
3.62 4.50 3.94 5 4.30 
0.16 0.94 
0.18 0.32« 0.39 0.20 7.40 


nil 1.22 0.24 0.80 

. ® 0.11 7.20 


. Petalite, colorless transparent, Cottesloe, Western Australia by 
Gov. Lab 
Petalite, colorless milky, Cottesloe, Western Australia by Gov 
Lab 
3. Petalite, colorless milky, Karibib, S.W. Africa by Foote Min- 
eral Co 
. Petalite, colorless milky, Karibib, S.W. Africa by Foote Min- 
eral Co 
. Petalite, colorless milky, Karibib, S.W. Africa by Booth, Gar- 
and Blair 
», colorless milky, Karibib, S.W. Africa by Booth, Gar- 
rett and Blair 
Spodumene, Kings Mountain, N. C., by Foote Mineral Co 
&. Lepidolite, Karibib, S.W. Africa, by Foote Mineral Co 
* All “other alkalies” reported as K,O 
*Not determined 


The commercial range of applications extends up 
to 1200°C (2192°F), which is as high as cordierite 
and higher than the recommended maximum for 
fused silica. Advantage over transluscent fused 
silica should be evident in the range 900°C to 
1200°C, where the glass product is susceptible to 
more or less rapid devitrification. Thus, petalite 
ceramics constitute a bright, new tool on the in- 
dustrial horizon. They have been successfully tested 
for many uses including pyrometric and combus- 


tion tubes and boats, refractory trays, saggers, batts 


and furniture, burner tips and blocks. They are 
even adaptable to oven and top-of-stove ware. 

The electrical properties of such bodies are equi- 
valent to L-3 type steatite porcelain, which has 
a notably resistance to heat shock. Spark 
plug insulators are being investigated. 

The molecular formula of natural petalite closely 
approximates the 
glazes. 


poor 


oxide ratio of some ceramic 
Simple modification results in glazes suit- 
able for hotel china, chemical and electrical porce- 
lain, and sanitary ware. 

Petalite has a lower alumina-lithia weight ratio 
than lepidolite, which 


makes it a preferred lithia source in low alumina- 


spodumene (slightly) or 


containing porcelain enamels and glasses. 
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Tin Deposit of the 


Monserrat Mine, Bolivia 


by Russell Gibson and | 
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Fig. 1—Location of Monserrat mine. 


The tin deposit of Monserrat, Bolivia, consists of one major vein 1600 m 
in length. The ore is unusual because of the notable quantity of teallite, 
even though cassiterite is the principal tin mineral. The deposit, formed 
at shallow depth under a wide range in temperature, may be classed as 
xenothermal. Polished sections reveal a complex history of replacement, 
with low-temperature minerals deposited before high-temperature minerals. 


HE Monserrat mine’* of the Compania Minera 

Monserrat is located 11 km east of Callipampa, a 
station on the Antofagasta and Bolivia Railway 
some 55 km south of Oruro. The mine lies in a group 
of low hills on the east slope of a broad valley of 
northerly trend. The valley is separated from the 
altiplano to the west by a prominent ridge that rises 
several hundred meters above the surrounding coun- 
try (fig. 1). Callipampa is situated a short distance 
west of the ridge, near the east margin of the alti- 
plano. The elevation at Callipampa is 3700 m and 
at the mine 4100 m. 

Monserrat is near the northeast limit of what may 
be called the Poopo-Pazna district, an area of north- 
westerly trend about 25 km in length and 15 km in 
width. The district includes the tin-silver prospects 
of Poopo to the north, the zinc-tin deposits of Sal- 
vador to the southwest, and the tin-tourmaline veins 
of Avicaya to the south. Along the prominent ridge 
already mentioned, which forms the western limit of 
the district, there are several tin and antimony pros- 
pects including the Trinacria mine, which is famous 
for its fine specimens of cylindrite. 

Although the principal ore mineral is cassiterite, 
the tin deposit of Monserrat contains an unusual 
amount of teallite. Cassiterite occurs in part as a 
finely granular mixture with sulphides of iron and 
zine and in part as needle tin of late hypogene age. 

The regional structure is dominated by broad 
folds typical of the Andes of Central Bolivia and 
similar to those of the Llallagua district. The area 


adjacent to the Monserrat mine is underlain by thin- 
bedded shale somewhat variable in color but pre- 
dominantly dark grey to black. The beds strike 
northwest and dip at low angles southwest, forming 
part of the northeast limb of a major syncline. A 
resistant sandstone formation, which underlies the 
black shale, crops out along a ridge east of the mine 
and also accounts for the high ridge to the west that 
was previously mentioned 

No igneous rock of any kind is found at Monserrat 
The nearest intrusive bodies known are the irregular 
dikes and masses of quartz porphyry at Avicaya 
about 10 km to the south. 


Mine Workings 


The Monserrat property includes one main vein, 
which can be followed on the surface for 1600 m, 
and two or three branch veins of distinctly minor 
importance. The principal haulage tunnel, referred 
to as the San Carlos adit or level III, extends north- 
easterly for 1700 m, following the main vein through- 
out most of this distance. Above the adit, there are 
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Fig. 2—Galena (gn) 
replaced along 
cleavage by 
cassiterite (cs). 
X125. 


Fig. 3—Bent grain 
of teallite (tl) 
replaced along 
cleavage by pyrite 
(py) and cassiterite 
(es). X125. 


Fig. 4—Curved 
teallite (tl) grains 
partly replaced 
by cassiterite (cs). 
X125. 


Fig. 5—Galena (gn) 
partly replaced by 
cassiterite (cs). 
Shape of cassiterite 
is, in part, influenced 


by cleavage of galena. 


Some grains are 
sections of cassiterite 
“needles.” X125. 


two principal horizons which are referred to as 
levels, although the drifts of each show minor dif- 
ferences in elevation. Because of the gentle slope of 
the surface, the two are considerably shorter than 
level III. 

Several crosscuts have been extended from the 
drifts, especially in the hanging wall of the main 
vein. Development in depth has reached level VII, 
about 130 m below the adit level. 


The Monserrat Vein 


In view of the fact that the country rock is a soft 
thin-bedded shale, the persistence of the Monserrat 
vein is remarkable. The strike of the vein changes 
gradually from N 22°E at the south end to N 45°E 
at the north end and thus cuts across the bedding 
of the shale. The predominant dip is 75°SE, but in 
places it reaches 86° and in the northern section 
flattens to 70°. 

The vein lacks a persistent gouge, and it probably 
does not correspond to a major fault. Rather, it is 
a complex lode with a considerable variation in de- 
tailed structure. In places, the lode consists of a 
single vein with rather sharp walls and a crudely 
banded sulphide filling; elsewhere it splits into sev- 
eral closely spaced but independent stringers. To 
some extent, the branching structure corresponds to 
low-grade sections of the ore-shoot. 

The development of the main vein on level III can 
be considered typical. In the central part of the ore- 
shoot, the vein splits into two distinct branches sepa- 
rated by as much as 15 m of shale, the two main- 
taining their identity for 150 m on the strike. Two 
or three additional branch veins of distinctly minor 
importance have been prospected by short drifts, 
and a number of narrow sulphide stringers have 
been exposed in the exploration crosscuts. 

The vein filling generally consists of massive and 
crudely banded sulphide more or less frozen to the 
walls. Locally, an open crustified filling is pro- 
nounced, especially where the sulphides give way 
to quartz. A brecciated structure is evident in one 
or two places on level III. The filling averages in 
width from 15 to 25 cm except where the vein splits 
into a number of stringers. Here the lode structure 
attains a width of 50 cm or more. 

From the surface to level III, a maximum vertical 
distance of 135 m, the main vein is ore-bearing 
almost continuously throughout the 1600 m of length, 
although in the south half of the shoot there are 
some low-grade areas. At greater depth, the ore 
shoots become smaller, but the vein continues strong 
to level VII, 265 m below the outcrop. 

Wall-rock alteration along the main veins is 
scarcely noticeable; as a rule it consists of only a 
feeble silicification. In a few places, alteration is 
more intense, and a siliceous shale with finely dis- 
seminated sulphide extends a few centimeters from 
the vein. The fragments of shale within the vein and 
the narrow bands between stringers are silicified 
and sericitized to some degree, but no marked change 
is visible in many exposures. 


Vein Minerals 


General Description: The description of the Mon- 
serrat ores is based upon an examiuzation of levels 
II to V and on a study of representative specimens 
from levels II to VII. 

The veins of Monserrat are of scientific interest 
because they contain teallite, an uncommon sulphide 
of tin and lead, abundant needle tin (acicular crys- 
tals of cassiterite), and wurtzite, the less common, 
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hexagonal form of zinc sulphide. In the tin veins 
of Carguaicollo,’ described previously, teallite and 
wurtzite are abundant, and needle tin is present in 
small quantity, giving a mineral assemblage strik- 
ingly similar to that of Monserrat. 

The dominant minerals of the veins are zinc sul- 
phide (wurtzite and sphalerite), pyrite, cassiterite, 
teallite, and quartz. Less abundant are galena and 
carbonate. Arsenopyrite, marcasite, and bournonite 
are widespread but nowhere abundant. Stannite, 
chalcopyrite, and vivianite are of subordinate im- 
portance. Oxidized ore from upper workings col- 
lected from old dumps contains goethite, “limonite,” 
jarosite, and kaolin minerals. 

Banding is evident in many parts of the vein on 
all levels examined. The crude bands are commonly 
1 to 5 em wide, but examined closely these in turn 
are made up of bands from a fraction of a millimeter 
to 7 mm in width. The banding is emphasized in 
many places by the crustified filling and by the lines 
of vugs and druses. The vugs, rarely more than a 
few centimeters across, are lined by crystals of 
needle tin, pyrite, quartz, and sphalerite, and more 
rarely by wurtzite crystals and bladed vivianite. 
These features emphasize the fact that filling was 
the dominant method of mineralization at Monserrat. 

Most of the ore is fine grained and some of it is 
exceedingly so, but the texture is erratic. The band- 
ing of the ore is due in part to variation in grain 
size. In some bands, the grains are 0.05 mm or less 
in greatest dimension, giving the ore a dense and 
massive appearance. In other adjacent or nearby 
bands, the grains are much larger, roughly a milli- 
meter or two across; and lining the vugs, the grain 
size reaches 5 mm. 

Cassiterite: Cassiterite is found in nearly every 
polished section examined. It occurs as shapeless 
grains, as veinlets in other minerals, and as pris- 
matic grains of extremely small diameter (needle 
tin). 

Granular cassiterite forms pseudomorphs after 
teallite and easily replaces galena, sphalerite, and 
wurtzite, especially along the cleavages of these 
minerals (fig. 2). Veinlets of cassiterite and galena 
cut sphalerite. Where large areas of teallite have 
been replaced wholesale by zinc sulphide, small 
curved residual shreds of teallite often remain in 
the field, and these remnants are often partly re- 
placed by cassiterite (figs. 3 and 4). 

Needle tin is widespread. It occurs as scattered, 
isolated euhedrons and in sheaf-like bundles, the 
latter especially well shown in association with late 
quartz in numerous vugs and druses. In hand speci- 
men, the needles are straw-yellow; in thin section, 
colorless and pale yellow. Some grains are clear; 
others are turbid. The needles are commonly from 
0.01 to 0.05 mm across and 0.20 to 0.50 mm long. 

According to A. Hazard, the General Manager, 
needle tin is especially abundant in the northerly 
third of the vein above level III and also in the same 
general area between levels IV and V. But the needle 
tin is not confined to these places. It has been found 
in variable amounts from level I to level VII and 
through a lateral distance of 1300 m or more. 

Like the granular cassiterite, needle tin is late in 
the sequence and replaces teallite, wurtzite, sphal- 
erite, and galena (figs. 5 and 6). Needle tin is present 
in vugs perched on galena, teallite, and other min- 
erals. Minerals associated with needle tin are the 
same as those associated with granular cassiterite, 
and there is no evidence that the needle tin belongs 


Fig. 6—Zinc sulphide, 
chiefly sphalerite (z) 
replaced by “needle 
tin” (es). X125. 


Fig. 7—Curved 
grains of teallite (tl) 
partly replaced by 
zine sulphide (2). 
Later pyrite (py) 
replaces teallite and 
follows fracture in 
zine sulphide. X125. 


Fig. 8—Residual 
teallite (tl) laths in 
a field of zinc sul- 
phide (z). X240. 


Fig. 9—Early stage 
replacement of 
teallite (tl) by zine 
sulphide (z) and 
pyrite (py). X125. 
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Fig. 10—-Pyrite (py) 
pseudomorphs after 
teallite (tl). X125. 


Fig. 11—Pyrite (py) 
corroded along rims 
by marcasite (mc). 
Nearly every pyrite 
grain is rimmed by 
more or less marcasite. 
X125. 


Fig. 12—Pyrite (py) 
partly replaced by 
marcasite (mc). 
X125. 


Fig. 13—Marcasite 
(me) possibly pseudo- 
morphous after 
teallite. X40. 


to a different period of mineralization. There is no 
zone of supergene tin enrichment. Both the granular 
cassiterite and needle tin are late hypogene. 

Teallite is clearly replaced by needle tin, granular 
cassiterite, and galena, but in secticns showing this 
replacement there is no indication of supergene de- 
position of tin or other elements. 


Tealiite (Pb SnS,): Teallite is a widespread min- 
eral in the veins but is not everywhere abundant. 
In hand specimens, it is black, platy and shows good 
metallic luster. Commonly, grains are 0.05 to 0.10 
mm long, but many are only one tenth this length. 
Rarely, a lath 1 or 2 mm long is seen in coarse- 
grained ore. Because of its black color and excellent 
cleavage, fine-grained teallite is difficult to dis- 
tinguish from fine-grained galena in hand specimen. 
Because of the softness and flexibility of teallite, it 
records with special readiness and clarity minor 
deforming stresses that operated subsequent to its 
deposition. The elongated teallite grains at Mon- 
serrat are commonly curved or bent and with this 
often goes an opening up of the (bent) cleavage 
plates; some are deformed only slightly, whereas 
others are bent through 90° (fig. 3). This deforma- 
tion is largely prior to and independent of any post- 
mineral faulting or brecciation of the ore. 

Teallite has been replaced chiefly by zinc sul- 
phide, (wurtzite and sphalerite), cassiterite, pyrite, 
and galena. The deformation of many of the grains, 
as well as the excellent cleavage, may have facili- 
tated replacement (fig. 4). Some former curved 
grains of teallite are replaced entirely by cassiterite 
and galena, the surviving curvature helping to cer- 
tify the pseudomorphous nature of the alteration 
(fig. 3). The sphalerite and wurtzite of some polished 
sections also show curved and distorted grain boun- 
daries, interpreted as a texture inherited from early 
teallite now entirely removed. If this is correct, then 
teallite in the early geologic history of the vein was 
much more abundant than now. 

Sphalerite and.Wurtzite: Sphalerite and wurtzite 
are the most abundant metalliferous minerals and 
are among the most widespread. Nearly every sec- 
tion contains one or the other. To determine which 
is present, immersion tests or thin sections are neces- 
sary because the two minerals look alike and are 
seemingly anisotropic in polished section. Powder 
X-ray photographs were also used to confirm the 
identity of some grains. In the following account, 
“zine sulphide” is used in referring to instances 
where the precise identity of the zinc sulphide has 
not been ascertained. Where its identity has been 
established, however, by any of the means men- 
tioned, the precise name will be used. In 19 thin 
sections containing zinc sulphide, the relative per- 
centages of sphalerite and wurtzite are 43 and 57. 

Zine sulphide is the dominant mineral in many 
parts of the veins and, in some places, gives the 
appearance of being present in relatively pure 
bands. Numerous polished sections show, however, 
that it is almost invariably intergrown with other 
minerals. Zinc sulphide began depositing early in 
the sequence, although probably later than teallite, 
and continued to form throughout most of the min- 
eralizing period. 

Crystals of both wurtzite and sphalerite have 
been identified in vugs. Both are dark brown to 
black and are indistinguishable merely on the basis 
of color. Most of the zinc sulphide, however, occurs 
in cleavable masses and bands as a dominant part 
of the ore. In thin sections, zinc sulphide is red, 
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reddish brown or shades of yellow, and grains of 
any of these colors may show good birefringence. 
Moreover, one color fades into another. Some of the 
wurtzite that shows good birefringence in thin sec- 
tion is bladed or radially fibrous. Some of this wurt- 
zite replaces sphalerite. Polished sections show teal- 
lite partly or completely replaced by zinc sulphide, 
pseudomorphously in numerous places (fig. 7). Some 
of these pseudomorphs are adjacent to laths of teal- 
lite replaced by cassiterite. Seemingly there has 
been wholesale replacement of the tin sulphide 
mineral by zine sulphide, and many fields of sphal- 
erite or wurtzite show residual shreds, wisps or 
blades of teallite (fig. 8). Zinc sulphide is replaced 
in many sections by galena, cassiterite, pyrite, and 
marcasite, but there are some reversals in the se- 
quence with pyrite and a very few with the others. 

Pyrite: Pyrite is present in nearly every speci- 
men examined but is not conspicuous in the ore. 
About one half the polished sections that contain 
pyrite show more or less marcasite. A little dis- 
seminated pyrite is present in the wall rock near 
veins. Pyrite commonly occurs in scattered grains 
or small patches of grains and in tiny veinlets and 
occurs less commonly as thin bands. Individual 
grains are usually 0.01 to 0.10 mm and rarely 0.30 
to 0.70 mm in diameter. In about one third of the 
polished sections, grains were large enough to per- 
mit positive determination of anisotropism, com- 
monly weak, but occasionally strong. Polarization 
colors are shades of blue and brown. 

Pyrite was deposited throughout most of the vein- 
forming period, although the greater part of it was 
deposited later than the abundant minerals, sphal- 
erite, cassiterite, teallite, and quartz. It is found as 
veinlets along the cleavage of some minerals or cut- 
ting across aggregates of grains and as pseudomorphs 
after teallite (figs. 9 and 10). Residual patches of 
early pyrite are seen in zinc sulphide clearly not 
related to any cleavage. Some of the veinlets and 
residual grains are partly replaced by marcasite 
(figs. 11 and 12). Pyrite cannot be separated into 
early and late phases on the basis of size of grain 
or anisotropism. 

Marcasite: Marcasite is of minor importance 
quantitatively, but about two thirds of the speci- 
mens contain at least a little. Most of it was observed 
only in polished sections. Marcasite occurs commonly 
as veinlets, 0.005 to 0.01 mm wide, cutting and re- 
placing other minerals and to a less extent as clumps 
of grains, the individuals of which range up to 0.15 
mm in diameter. 

Marcasite is later than pyrite with which it is 
most closely associated. It also veins zine sulphide, 
cassiterite, galena, and carbonate and occasionally 
forms lath-like or lamellar pseudomorphs about 0.50 
mm long after teallite (fig. 13). Marcasite is clearly 
late in the sequence. 

Galena: Galena is present in about one third of 
the polished sections examined but is abundant in 
very few. It is not conspicuous in the hand speci- 
mens and would be overlooked in most of them, 
especially since it is the same color as teallite. All 
polished sections that show galena also contain the 
lead-bearing mineral teallite. 

Galena occurs in irregular small grains, in vein- 
lets in other minerals, and in pseudomorphs after 
teallite. Many curved or wisp-like grains originally 
composed of teallite are now converted wholly to 
galena or galena and cassiterite, although residuals 
of teallite remain in some (figs. 14 and 15). Veinlets 


Fig. 14—Curved 
teallite completely 
replaced by galena 
(gn) and cassiterite 

(es). X125. 


Fig. 15—Curved 
teallite completely 
replaced by galena 
(gn) and cassiterite 
(es). Note early sub- 
hedral quarts (q). 

X40. 


Fig. 16—Curved 
grains of arsenopyrite 
(asp) suggesting 
control by early 
teallite. Arsenopyrite 
is corroded by zinc 
sulphide (z). X40. 


Fig. 17—Strings of 
grains of arseno- 
pyrite (asp) in zine 
sulphide (z) and 
quartz (q). Arseno- 
pyrite is partly 
replaced by zinc 
sulphide. X125. 


y 
| 
‘ qn 
3 
4 
AG 
“we 
Tad 
. tw 
; 
TRANSACTIONS AIME, VOL. 187, OCTOBER 1950, MINING ENGINEERING—1075 / 


Fig. 18 (left) —Broken arsenopyrite 
(asp) partly replaced by zinc sul- 
phide (z). X125. 


Fig. 19 (right)—Zine sulphide (z) 
replaced along cleavage by stannite 
(st). (Exsolved stannite?) X125. 


of galena cut sphalerite and wurtzite along cleavage. 
Residual grains of teallite in a field of later zinc 
sulphide are replaced by galena or galena and cas- 
siterite. In some places galena and cassiterite are 
seemingly contemporaneous; elsewhere, cassiterite 
is slightly later than galena as shown by veinlets 
along galena cleavage. 

When teallite became unstable in the later hypo- 
gene solutions, some grains were converted to galena 
and cassiterite, but many were replaced almost 
entirely by cassiterite. The alteration thus involves 
an introduction of tin by the hydrothermal solutions 
and does not represent simply the recombination of 
the tin present in the teallite. At this stage, the solu- 
tions may have been of higher intensity so that cas- 
siterite was readily deposited both as a replacement 
of teallite and as a coating of needle tin, whereas 
much of the lead sulphide was swept upward to 
cooler regions. 

Arsenopyrite: Arsenopyrite, a minor but wide- 
spread constituent of the ore, is present in about 
two thirds of the polished sections, but in only one 
does it amount to more than 5 pct. The grain size 
commonly ranges from 0.003 to 0.20 mm and ex- 
ceedingly few grains are larger than 0.50 mm in 
diameter. 

Arsenopyrite occurs in swarms and strings of 
small grains, in isolated euhedrons, and to a less 
extent as veins in other minerals. It is very com- 
monly present at the grain boundaries of quartz with 
sphalerite or wurtzite (fig. 16) or of pyrite with zinc 
sulphide. It replaces bent teallite grains and galena 
that was probably derived from teallite; it also 
occupies intergranular spaces and forms veins in 
areas of zine sulphide (fig. 17). Yet curved plates of 
arsenopyrite that were probably derived from teal- 
lite are corroded by zinc sulphide (fig. 16), and in 
one area broken arsenopyrite grains are surrounded 
by zine sulphide (fig. 18). Although arsenopyrite is 
commonly later than most of the abundant minerals, 
it shows some overlap with zine sulphide. 

Stannite and Chaleopyrite: A few small grains of 
stannite, 0.01 to 0.05 mm in diameter, were seen in 
polished sections. The stannite is almost invariably 
in sphalerite or wurtzite and may represent ex- 
solved material from the zine sulphide similar to 
chalcopyrite in numerous other occurrences of sphal- 
erite (fig. 19). However, Monserrat is notably lean 
in copper, and only two sections, both cut from the 
same hand specimen, show any chalcopyrite. In both 
sections the amount is exceedingly small. The chal- 


copyrite occurs as veinlets in bournonite and stan- 
nite. 

Bournonite: Bournonite is present in trivial 
amounts, usually a small fraction of 1 pct, in nearly 
one half the polished sections examined. The grains 
are irregular in shape, except where replacing teal- 
lite, galena, or sphalerite along cleavage, and are 
commonly 0.10 to 0.50 mm in size. They usually 
show multiple twinning and strong birefringence. 
Bournonite’s place in the sequence is not certain, but 
it is probably late. It clearly replaces the above- 
mentioned minerals and is found at the borders of 
galena, sphalerite, quartz, and siderite. It contains 
residual wisps of teallite. It is replaced by chalco- 
pyrite. 

Gangue: The gangue minerals, chiefly quartz and 
carbonate with small amounts of other minerals, are 
subordinate to the metallic minerals and are not 
conspicuous. 

Quartz, the most abundant and most widespread 
of the gangue minerals, is present in nearly every 
thin and polished section. It occurs in many textures 
and its deposition continued over a long period of 
time. In one half the polished sections, the quartz 
appears as somewhat corroded euhedrons that range 
from 0.02 to 0.50 mm in length. These are surrounded 
by teallite or by aggregates of later minerals formed 
largely by the replacement of teallite (fig. 14). In 
places, the ragged residual grains are almost com- 
pletely replaced by metallic minerals. 

Quartz occurs less commonly as mosaic patches 
of ordinary vein quartz with wavy extinction. In 
some of these patches, hundreds of tiny grains of 
arsenopyrite, pyrite, and sphalerite are present in 
a field only 2 mm in diameter. Quartz is present also 
in vugs with needle tin and pyrite crystals and in 
late veinlets accompanied by marcasite, one of the 
last minerals to be deposited. 

Carbonate is present in nearly one half the thin 
and polished sections, but invariably in small 
amounts. It rarely can be seen in large enough 
grains to be identified in hand specimen. When 
tested by immersion or microchemistry, several of 
these proved to be siderite. Under the microscope 
carbonate is seen in veinlets cutting zine sulphide, 
galena, cassiterite and other minerals, and in irregu- 
lar grains interstitial to quartz, pyrite, and wurtzite. 
It is present in vugs, also, as a late mineral. In places, 
carbonate is replaced by late pyrite. 

In several specimens a little vivianite was ob- 
served in clusters of radiated or divergent blue 
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crystals in vugs. Commonly, they are perched on 
siderite, but to a minor extent the siderite is later 
than the vivianite. The crystals range from 4 to 12 
mm in length. A little sericite is present in the vein 
quartz as well as in the wall rock near the veins. 

Summary of Sequence: Although some overlap in 
deposition is indicated by the textures, four prin- 
cipal episodes may be distinguished in the formation 
of the ore: (1) Early deposition of vein quartz, (2) 
formation of teallite, (3) widespread replacement 
of teallite by abundant sphalerite and wurtzite, and 
by arsenopyrite, galena, cassiterite, pyrite, and mar- 
casite, and (4) continued deposition of late gangue, 
including both quartz and siderite (fig. 20). 

Origin 

A number of features show that the ores of Mon- 
serrat were formed at moderate to shallow depth. 
Most of the ore is fine grained and some of it is 
exceedingly fine grained. Crustified structure with 
drusy cavities and fine banding are common. The 
view that the deposit is of shallow type also receives 
support in its geological setting, that is, in the nar- 
row but persistent vein enclosed in soft, unaltered 
shale. 

The mineralogy of the ore points to deposition 
over an unusual range in temperature. Many of the 
minerals, such as pyrite, sphalerite, galena, chalco- 
pyrite, quartz, and sericite, are stable over a wide 
range of conditions and give no clue to the tempera- 
ture at which the deposit was formed. Cassiterite 
and arsenopyrite, however, normally are associated 
with high intensity minerals and point to high tem- 
perature. According to Gordon Smith's’ recent ex- 
perimental work, cassiterite can be crystallized from 
aqueous solutions of sodium stannate and in the 
laboratory from room temperature up to at least 
450°C. Marcasite and wurtzite, on the other hand, 
are normally regarded as low-temperature minerals. 
The stability relations of teallite are not accurately 
known, but its associations in many deposits in 
Bolivia indicate that it is probably deposited under 
medium to low intensity conditions. The presence of 
all these minerals of extreme temperature range at 
Monserrat is an expression of telescoping. 

In mineralogy, sequence of deposition, and origin, 
Monserrat offers interesting comparisons with Llal- 
lagua’ and particularly with Carguaicollo. 


At Carguaicollo, teallite and franckeite are suc- 
ceeded by cassiterite. At Llallagua, franckeite is fol- 
lowed by wolframite, pyrrhotite, and arsenopyrite. 
At Monserrat, teallite is followed by sphalerite and 
this in turn by arsenopyrite and cassiterite. In all 
three localities the tin-bearing suiphides are rela- 
tively early in the sequence, and these minerals, 
probably to be regarded as indicative of moderate 
to low temperature, are followed by minerals com- 
monly regarded as minerals of high temperature 
significance. The sequence is thus opposed to the con- 
ventional view that deposition proceeds on a descend- 
ing temperature scale. But it supports Graton’s”' 
hypothesis that, at least during certain periods of 
the mineralizing process, low-temperature minerals 
are followed by those of higher temperature. Graton 
concludes that this must be true for at least the 
early stages of the mineral-depositing process, and 
we think that this is confirmed at Carguaicollo and 
Monserrat. At Llallagua, however, the temperature 
changes were more complex; early tourmaline, cas- 
siterite and bismuthinite (high temperature) are fol- 
lowed by franckeite (low temperature) and this in 
turn by wolframite, pyrrhotite and arsenopyrite 
(high temperature). Sales and Meyer,” in their re- 
cent paper on the vein formation at Butte, Montana, 
suggested that mineralization took place there, also, 
on a rising intensity scale. “The zonal growth of the 
Butte district to its present dimensions strongly 
urges the proposition that at a given reference point 
in the vein system the intensity factor increased, on 
the average, during the growth of the veins.” 
“We must entertain the possibility of a slow average 
rise in temperature and chemical potential, two im- 
portant components of the composite intensity factor, 
until the end of effective hydrothermal supply.” 
Hart,’ also pointed out at Butte that deposition may 
occur on a rising intensity scale. He mentions speci- 
fically sphalerite followed by copper-iron minerals. 

Lacy™ noted at one place at Cerro de Pasco that 
high-temperature minerals followed low-tempera- 
ture minerals. “Along the solution channelway, heat 
was introduced faster than it could be dissipated by 
conduction, so, at one place along this channel, there 
were rising thermal conditions. Accompanying this 
rise in thermal gradient, the nature of the iron 
mineralogy changed from pyrite to pyrrhotite and 
magnetite, i.e., minerals usually assumed to indicate 
higher temperature were formed.” 
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Fig. 20—Graphical representation 
of mineral sequence. 
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It is recognized that this argument is based heavily 
on the influence of temperature as the effective cause 
of deposition of ore minerals. It is granted that this 
is only one of several factors that operate to cause 
deposition. As pointed out in the next paragraph, a 
change in the alkaline-acid character of the solu- 
tions may have been an important contributing 
cause in the deposition of cassiterite. 

The assemblage of minerals at Monserrat is, in 
the main, similar to that in other districts where an 
alkaline character of the ore-depositing fluid has 
been assumed. Smith reports that cassiterite is stable 
in hot alkaline solutions and can be crystallized 
from such solutions. He concluded that “in nature, 
if tin is transported as alkali stannate dissolved in 
aqueous solutions, a decrease in alkalinity of the 
solutions may precipitate cassiterite (and) if tin is 
transported from magmas as alkali thiostannate dis- 
solved in aqueous solutions, a decrease in alkalinity 
and a decrease in the sulphide ion concentration due 
to reaction with vein wall rocks would both favor 
precipitation of cassiterite.”" The abundance of 
wurtzite and the widespread development of mar- 
casite at Monserrat, minerals known to crystallize in 
the laboratory” from acid solutions, suggest that the 
solutions may have decreased in alkalinity as de- 
position went on. This may have been a contributing 
cause in the deposition of cassiterite at Monserrat 
and perhaps at Carguaicollo. Anderson,” in his work 
at the Last Chance and Hornsilver mines in Idaho, 
notes that wurtzite is a late mineral in his “early 
assemblage mineral succession” and concludes that 
the deposition of wurtzite was favored by a decline 
in the temperature of the solution or by an increase 
in the acidity. 

Decrease in alkalinity may not be the cause of 
deposition of cassiterite at Llallagua and Oruro. At 
these places cassiterite was deposited long before 
the minerals that suggest an approach toward acid 
solutions, i.e., marcasite, alunite, dickite, and kao- 
linite. Moreover, the deposition of sulphide in solu- 
tion can scarcely be a major factor at Llallagua and 
Oruro, for at these localities the bulk of the sulphides 
follows the cassiterite. 

Chace" concluded in his study of the Oruro tin- 
silver veins that the solutions that deposited those 
ores were probably alkaline at the beginning of the 
mineralization period but gradually became neutral, 
then slightly acid, and finally distinctly acid. His 
conclusion is strengthened by the fact that kaolinite, 
dickite, and alunite are present in the Oruro veins. 
Alunite was reported in the Monserrat ores by 
Ahlfeld,” but none was observed in the present 
study. 

Monserrat, like Carguaicollo and Llallagua, does 
not fit well into Lindgren’s genetic classification of 
ore deposits. In texture the deposits resemble epi- 
thermal ores and were probably formed in a shallow 
environment at low pressure. They correspond in 
these respects to epithermal deposits. But the tem- 
perature, in the middle period of mineralization at 
Monserrat and Carguaicollo at least, became ab- 
normally high for this environment, and high-tem- 
perature minerals not characteristic of epithermal 
ores were deposited following low-temperature 
minerals. 

The combination of high temperature and shallow 
depth would promote rapid deposition accompanied 
by telescoping. In a nonvolecanic environment such 
as the shale terrane at Monserrat, heating of the vein 


1078—MINING ENGINEERING, OCTOBER 1950, 


TRANSACTIONS AIME, VOL. 187 


walls by the solutions themselves is of major im- 
portance, and this would favor deposition of min- 
erals on an ascending temperature scale. Moreover, 
the change in the character of the solutions from 
alkaline to acid, as postulated at Monserrat, is most 
likely to develop in a shallow environment at low 
pressure.” Thus the complex textures and wide- 
spread replacement so characteristic of the ore are 
readily explained by the rapid shifts in tempera- 
ture, the low pressure, and the change in the char- 
acter of the solution from alkaline to acid. 

We have used Buddington’s term, xenothermal, to 
classify the great tin deposit at Llallagua, which has 
an abundance of high and low-temperature minerals. 
The same term can be extended to Carguaicollo and 
Monserrat, even though these ores exhibit a milder 
degree of telescoping than do those of Llallagua. 
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Roy O'Brien Named Western 
Secretary, Mining Branch 


Creation of a new office to serve 
western members of AIME was re- 
vealed by the Board of Directors 
at Salt Lake City with the an- 
nouncement that Roy E. OBrien 
has been appointed Western Secre- 
tary of the Mining Branch. 

Mr. O'Brien's territory will em- 
brace Montana, Colorado, Wyom- 
ing, New Mexico and all states 
west. He expects to spend much 
of his time in the field, coordinat- 
ing the activities of Local Sections 
and Student Chapters, arranging 
divisional meetings, pushing the 
membership drive, getting material 
for Institute publications, and solv- 
ing Institute problems in general. 

Mr. O’Brien was born in Colo- 
rado, worked in the Phelps-Dodge 


Roy E. O'Brien 


coal mines, served in the Army 
during World War I, and then 
graduated from the University of 
Colorado in 1923. For nine years 
he was a shift boss and general 
foreman for Anaconda in Cananea, 
Mexico, and then, in 1935, went to 
the Mountain City Copper Co. in 
Rio Tinto, Nev. During a fourteen- 
year period he served the company 
as shift boss, mine foreman, and 
mine superintendent. When Moun- 
tain City was liquidated in 1949 he 
went with Anaconda’s phosphate 
division in Conda, Idaho, and more 
recently has been with Roger B. 
Pierce, as a consultant on mine 
appraisals. 


MBD Holds Technical, Business, 
Social Gatherings at Salt Lake 


Nearly 175 members of the Minerals Beneficiation Division, AIME, 
gathered in Salt Lake City at the fifth general meeting on Aug. 31 
and Sept. 1, to hear eight technical papers, transact Division busi- 
ness, and partake of the famed MBD Scotch Breakfast. 

Early-rising members of the Division began the proceedings on 


the first day with the Scotch 
Breakfast, at which Scotch in the 
orange juice, porridge, eggs, coffee, 
and water was de rigeur. 

That afternoon, the Division's 
business meeting considered vari- 
ous topics, among them technical 
papers, the annual meeting pro- 
gram, and MBD’s share of the 
AIME membership drive. Program 
Chairman Raymond Byler intro- 
duced the idea that too many “ech- 
nical sessions were being held at 
annual meetings. A discussion of 
this point revealed the general 
feeling that MBD sessions should 
be reduced to six instead of eight, 
thus leaving two afternoons free 
at the meeting. Mr. Byler was con- 
sequently instructed to do as he 
saw fit, bearing in mind the vari- 
ous points raised during the dis- 
cussion. 

Taking his cue from the Mining 
Branch Council meeting the previ- 
ous day, S. J. Swainson brought up 
the matter of restricting the ac- 
ceptance of technical papers to 
maintain the high calibre of Insti- 
tute literature. The MBD was gen- 
erally in agreement with this sug- 
gestion. Mr. Swainson also reported 
that MBD was allotted 185 pages of 
Transactions for 1951. 

Preliminary plans for an organ- 
ized membership drive were men- 
tioned by James Barr, Jr., who 
reported that 11.3 pct of AIME 
membership, or approximately 
2814, are affiliated with MBD. This 
makes MBD the third largest di- 
vision, outnumbered only by the 
Mining, Geology and Geophysics 
Division and the Petroleum Divi- 
sion. MBD plans to make a con- 
certed effort to obtain new mem- 
bers from among the graduates in 
mineral dressing 

Secretary-Treasurer Will Mitch- 
ell proferred the information that 
the BMD treasury now holds over 
$2000. The Secretary’s company, 
Allis-Chalmers Mfg. Co., was given 


due credit for an assist on the 
financial front through its efforts 
in behalf of MBD 

Speakers at the luncheon on Fri- 
day included President D. H. Mc- 
Laughlin, Past-President L. E 
Young, and Dean Car! J. Christen- 
sen of the University of Utah. Roy 
E. O'Brien, new Western Secretary 
of the Mining Branch, was intro- 
duced by Chairman Grover Holt 

Nominations for MBD officers for 
1951 were announced: 

Chairman, Raymond E. Byler; 
Associate Chairman, Edwin H 
Crabtree; Regional Vice Chairmen, 
Donald W. Scott and S. D. Michael- 
son; Secretary-Treasurer, Will 
Mitchell, Jr. 

COMMITTEE CHAIRMEN:. 
Papers and Publications, M. D. Has- 
sialis; Membership, S. E. Erickson; 
Education, H. Rush Spedden; Pre- 
gram, E. H. Crabtree; Symposium, 
Norman Weiss; Concentration, J. C. 
Lokken; Materials Handling, W. B 
Stephenson; Crushing and Grind- 
ing, R. J. Russell; Solids-Fluids 
Separation, J. L. Weaver; Operat- 
ing Control, C. M. Marquardt; Se- 
lution and Precipitation, James H 
Jacobs; Pyrolisis and Agglomera- 
tion, F. M. Hamilton; Richards 
Award, S. J. Swainson and T. B 
Counselman. 


Bowling League Aids 
Local Section 


Jack Ehrhorn of the 


Utah Sec- 
tion of AIME is the daddy of a 
bowling league which has done a 
great deal toward drawing engi- 
neers together for the exchange of 
ideas and broadening of acquaint- 
ances. Started four years ago, the 
league now boasts 12 teams. Only 
AIME members and good prospects 
can participate 
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Los Angeles Meeting 


October 12-13, 1950 
Headquarters, Elks Club 


The Industrial Minerals Division, as part of the 
Mining Branch, is meeting at the Elks Club, 607 
South Park View, at the same time as the Pe- 
troleum Branch (Oct. 12-13) and the Metals 
Branch (Oct. 12). The following program is spon- 
sored by the Mining Branch and includes papers 
of both the Industrial Minerals Division and the 
mining and milling groups. 


FRIDAY, OCTOBER 13 


9:00 a.m.—Registration of all members and 
guests and sale of preprints. Main Entrance 
Hall, Elks Club. 


TECHNICAL SESSION, 9:30 A.M. 


Conrad Thomas and C. R. King, Co-chairmen. 
El Venado Room, Elks Club. 

Opening Remarks. By George D. Dub, Western 
Vice-chairman, Industrial Minerals Division; 
Chairman, Southern California Section. 

California’s Mineral Position in a Changing In- 
dustrial World. By Olaf P. Jenkins, chief, State 
Division of Mines. 

Production of Iodine in the United States. By 
Jack E. Ryan, Research Dept., American Pot- 
ash & Chemical Corp. 

Searles Lake and Operations of the American 
Potash & Chemical Corp. at Trona, California. 
By Charles W. Girwin and E. B. Witmer, Deep- 
watef Chemical Co., Ltd. 


Operations of the Pacific Coast Borax Co. By G. A. 
Connell, technical director, Pacific Coast Borax 
Co. 


ALL-DIVISIONS LUNCHEON 12:15 P.M. 
TOWN HOUSE 


George D. Dub, Chairman, Southern California 
Section, presiding. 


TECHNICAL SESSION—2 P.M. 
EL VENADO ROOM, ELKS CLUB 


Stuart H. Ingram and M. Harrison Evans, Co- 
chairmen. 

Tunnel Driving for Owens River Gorge Project. 
By J. D. Laughlin, assistant engineer of De- 
sign and Construction, Los Angeles Dept. of 
Water and Power. 

Crushing by Impact. By W. W. West, chief sales 
engineer, Pennsylvania Crusher Co. — 

Bastnasite Discoveries Near Mountain Pass, Cali- 
fornia. By Lloyd C. Pray and Wm. N. Sharp, 
California Institute of Technology and U. S. 
Geological Survey. 


ANNUAL BUSINESS MEETING OF THE 
MINING BRANCH—4 P.M. 


Ian Campbell, Chairman, Mining Branch, South- 
ern California Section, presiding. Reports, 
nomination of officers, miscellaneous business. 


EVENING ENTERTAINMENT 


Dinner dance, given by the Petroleum Branch. 
All Institute members and their guests are cor- 
dially invited. 


James Draper Francis—Rand Medalist 


Call for Information on Use of Geophysics 


Sherwin F. Kelly, of S. F. Kelly 
Geophysical Services, Inc., Rm. 318, 
900 Market St., Wilmington, Del., 
has issued a call for information 
from geophysicists, geologists and 
company and government officials 
so that he may prepare a paper for 
presentation before next year's an- 
nual meeting in St. Louis. 

Mr. Kelly says: ‘Geophysical 
techniques can properly be consid- 
ered as only one step, or only one 
method to be employed by explora- 
tion geologists, engineers and ex- 
ecutives in narrowing their search 
for ore. The geophysical data must 
furthermore be integrated with 
geological information and _ drill 
results. Any discovery of ore can 
therefore not be attributed directly 
to geophysics, but only to a pro- 
gram of exploration in which ge- 
ophysics played a role. Therefore, 
I wish to compile data on those de- 
posits whose discovery has been 
expedited or facilitated as a result 
of the inclusion of geophysical 
methods in the exploration pro- 
gram 

The material which I require can 
be grouped under the following 
categories. 

“1. A list of orebodies with which 
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you are acquainted and in whose 
discovery program geophysical tech- 
niques were included. What geo- 
physical methods were employed in 
each case? 2. What was the ap- 
proximate date of each discovery? 
3. An estimate, or guess, as to what 
the geophysical survey cost in each 
ease. 4. Information on the esti- 
mated total tonnage of ore and its 
grade, in each such deposit, or esti- 
mated total value of the ore; or, 
5. Value of the production to date 
from those bodies which are, or 
have been actively exploited. 6. An 
estimate, or rough guess, as to the 
possible total expenditure for ge- 
ophysical exploration for mineral 
deposits in the province, state, or 
country in which the above discov- 
eries are located; or, a rough esti- 
mate of the probable total expen- 
diture for geophysical exploration 
by your company. 7. Any informa- 
tion you can give me on expendi- 
tures for geophysical exploration 
in the mining industry, which will 
help me arrive at some sort of total 
figure, will be deeply appreciated. 
I am trying to arrive at an estimate 
of the total expenditures for geo- 
physics in the mining industry 
since 1920.” 


Announcement was made at the 
Aug. 15 joint meeting of the Execu- 
tive and Finance Committees that 
Howard N. Eavenson, Chairman of 
the Rand Foundation Award Com- 
mittee, had recommended to the 
AIME Board of Directors that the 
Rand Medal for Mining Adminis- 
tration for 1950 be awarded to 
James Draper Francis of Hunting- 
ton, W. Va., Chairman of the Board 
of Directors of Island Creek Coal 
Co. and Pond Creek Coal Co. and 
various affiliates, with the following 
citation. 

“For successfully administering 
coal properties for more than 
thirty-five years until these two 
companies have become one of the 
largest and most successful units 
in the coal industry; for opening 
and managing new properties, for 
improvements in marketing and 
business methods, for his general 
interest in all industrial matters, 
his continued interest in research 
and his excellent citizenship in pro- 
moting not only his own, but all 
other interests in his general com- 
munity.” 

The report was accepted, and the 
recommendation of the Committee 
was approved. 
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Coming Events 


Oct. 3-5, American Institute of Electrical 
Engineers, Baltimore. 
Oct. 5, AIME, Ajo Subsection, Ajo, Ariz. 


Oct. 4-6, AIME, Petroleum Branch, 
Roosevelt Hotel, New Orleans. 


Oct. 5-7, Canadian Institute of Mining & 
Metallurgy, district no. 4, annual con- 
vention, Red Lake, Ont 


Oct. 11-12, AIME, Industrial Minerals 
Div., Rocky Mt. Section, El Paso, 
Texas. 


Oct. 12, AIME, E) Paso Metals Section, 
El Paso, Texas. 


Oct. 12-13, AIME, Southern California 
Section, Metal, Mining, and Petroleum 
Branches, Elks Club, Los Angeles. 


Oct. 13, AIME, Southwestern Section, bok: , 

aso, Texas. : 


Oct. 15-14, South Dakota Conference on 
Industrial Research & Development, 
annual conference, Alex Johnson Hotel 

Rapid City, S. Dak 


Oct. 16-20, National Safety Congress and 
Exposition. Industrial safety sessions, 
Stevens, Congress, and Morrison 
Hotels; traffic safety, Congress; com- 

mercial vehicle, farm and home safety, 

La Salle; school, Morrison. 


Oct. 17-20, AIME, Industrial Minerals 
Div., fall meeting, Norman, Okla. 


Oct. 20, AIME, Eastern Section, Open 
Hearth Committee, Iron and Steel Div., 
fall meeting, Warwick Hotel, Phila- 
delphia. 

Oct. 20-21, Engineers’ Council for Profes- 


sional Development, annual meeting 
Hotel Tudor Arms, Cleveland. 


Oct. 22-24, American Mining Congress, 
metal and nonmetallic convention, 


y 
Stinders, Screens crushers 


ex 
tro oF Permang STEARNS 
Metic Pulley, 


SENS a, SAS Aa. HANDLING run of mine coal at the raté of 350 tons per hour, this 
BE, STEARNS Magnetic Pulley protects expensive crushers and screens 
cage - ao by continuous and automatic tramp iron removal. If you want to 
Oct. 23-27 National Metal Congress and y 7 - 
Exposition, International Amphithe- reduce shut-down time and keep repair charges to a minimum — 
ater, Chicago. Participating organi- 
install a STEARNS Magnetic Pulley, the only economical and effec 
Sheraton; ASM, Headquarters, Palmer tive insurance against the tramp iron nuisance. 


House; American Welding Society, 


Headquarters, Hotel Sherman; Society WHETHER your problem is the fairly simple job of tramp iron 


eT removal or the concentration and beneficiation of complex ores, ; 
Oct. 27, AIME, Southern Ohio Section, . 

Open’ Hearth Committee, Iron and STEARNS has EXPERIENCE ENGINEERED equipment to meet your 

Steel Div., annual meeting, Deshler- specifications. 

alli bus, Ohi 

For a thorough investigation of your separation problem, STEARNS 

27, / Lehig falley Section 
"Gaee d=. offers complete laboratory research facilities. Write today for de- 
Nov. 3, AIME, Pittsburgh Section of tails on testing of sample material. 


Open Hearth Committee, Iron and 


Steel Div.. and Pittsburgh Section, STEARNS MAGNETIC EQUIPMENT 


AIME, annual meeting, William Penn 


Hotel, Pittsburgh. FOR EVERY MINE 
Nov. 3-5, New Mexico Geological So- 
ciety, field conference, San Juan Basin LARGEST! 
@ Whether your needs are large or small, 
Nov. 9, American Mining Congress, Coal 
Div. Conference, William Penn Hotel STEARNS hes an electro or permanent mag- 
Pittsburgh. netic pulley for you. Here's the World's 
Largest Electro-Magnetic Pulley — 60 inches 


Nov. 14, AIME, Buffalo Section, Open in diemeter, 36 inches wide. 
Hearth Committee, [ron and Steel ° 


Div., all-day meeting, Statler Hotel 1 
Buffalo SMALLEST! 
@ This is our smallest 
Nov. 15, AIME, Mining Branch, South- standard pulley; 12 inches 
ern California Section, joint meeting high, 12 Sotho hie 
. 
Write for descriptive lit- 
Nov. 17, Ulineis Mining Institute, annual 
coal meeting and banquet, Hotel Abra- 
ham Lincoln, Springfield, Dl 


Dec. 7-9, AIME, Electric Furnace Stee! 
Conference, Iron and Steel Div., Hotel 
William Penn, Pittsburgh. 


MAGNETIC 
MANUFACTURING CO. 
679 S. 28th St., Milwaukee 46, Wis. ae 


Feb. 18-22, AIME, annual meeting 
Jefferson Hotel, St. Louis. Metals 
Branch session to be held at the Stat- 
ler Hotel. | 
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Drift of Things . 


At Salt Lake City 


This is a warm Sunday morning in Salt Lake City 
at the end of a hectic convention week. Some 5400 
mining men have stormed “The Crossroads of the 
West,” a new record by far. Today the Sunday quiet 
is welcome, even though we had to eat breakfast 
alone. We have just returned from the Temple 
grounds where, from 8:30 to 9, we heard the 1098th 
Sunday broadcast of the Tabernacle choir and organ. 
Thousands of others were there too. Having heard it 
in their homes they were curious. They were not let 
down, for the setting is most impressive. After the 
formal program we listened to a 20-min rehearsal of 
a future program. Also, we introduced ourselves to 
Richard Evans, he of “the spoken word.” Mr. Evans 
is a bespectacled, slender, black-haired, earnest, 
pleasant man of about 40. He was formerly a radio 
announcer on station KSL. He himself writes the 
little 3-min sermons that he delivers so well. This, 
he says, enables him to voice them much more sin- 
cerely and effectively. He has, perhaps, done more 
than anyone else to enkindle a kindly feeling to- 
wards Mormons in the minds of those who have few 
other contacts with the group. 

When in Salt Lake one of the interesting things 
to do is to participate in one of the guided tours 
through the Temple grounds. This morning the 
groups were large. To what extent they were con- 
vinced of the authenticity of the story of the found- 
ing of the Mormon Church through the revelation 
bestowed on teen-age Joseph Smith at Palmyra, N. Y. 
more than a hundred years ago we do not know. The 
guide admitted the episodes sounded fantastic. No 
more so, however, than the early history of other 
religions. Though unconvinced, one would indeed be 
rash to say that miracles cannot happen. The mod- 
ern, like the ancient world, exhibits too many of 
them. 

Salt Lake is one of our favorite cities. It is clean 
and well kept. Its streets, some 90 ft wide, were laid 
out with surprising vision. Water continuously flows 
down the gutters of Main St. The busses are unob- 
trusive and quiet. The water has a good taste, with 
no suggestion of chlorine. The people look like good 
Americans. The only place, so far as we see, where 
liquor is sold is in a comparatively obscure store, not 
listed in the telephone book, run by the Utah Liquor 
Control Commission. We accompanied one of our 
renegade friends who knew his way there. One must 
have a permit, and purchase of more than a bottle 
or two is viewed with some suspicion. The 3.2 pct 
“beer” sold in some of the restaurants does not seem 
too popular 

The Hotel Utah, owned by the Mormon Church, is 
one of America’s fine hotels, reasonably priced, well 
kept, staffed and provisioned. The young ladies who 
greet you at the desk, run the elevators, and wait on 
the tables are attractive and well groomed. Practi- 
cally not a red fingernail in the lot, and is that a 
relief. The Starlite Gardens on the 10th floor is 
equally as attractive as the Starlite Roof of the 
Waldorf-Astoria in New York, and the absence of 
cocktails lends it a unique atmosphere. To be sure, 
one may be disillusioned if one peeks under the ta- 
bles, but that isn't fair. In the Coffee Shop—and 
won't someone please think up a new name for an 
informal restaurant—-one may have the privilege of 
breakfasting off a Cranshaw melon and a Utah 
Pioneer griddle cake. The paper money one gets in 
change is all brand new. Even the half dollars and 
quarters are polished to mint-brightness, a stunt 
that we believe the Hotel Davenport in Spokane 
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as followed by ard A. Robie 
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started, and which the St. Francis Hotel in San Fran- 
cisco practices. The Treasury Dept., as we recall, 
got after them for presumably illegally recovering 
the silver from the operation, but the hotel proved 
that it all went down the drain. If they wasted it, 
it was all right. 

All of which is introductory to saying that the 
AIME has a new field office in Salt Lake. Roy E. 
O’Brien, an Anaconda man, has been appropriately 
embued with enthusiasm for the AIME, has passed 
the elementary examination on what makes it tick 
and why one should belong, and has set up an office 
in the Newhouse Bldg., 10 Exchange Place, as West- 
ern Secretary of the Mining Branch. He will be glad 
to see his many friends there and to do what he can 
for AIME members west of the Mississippi. Even 
metallurgists and oil men will be welcomed if they 
don’t stay too long. Much of Roy’s time, though, will 
be spent in the field, helping members in the more 
remote places who may have problems, assisting in 
building up Local Sections, promoting interchange 
of technical information, and interesting new peo- 
ple in the Institute. Any members wishing him to 
call on them when in their neighborhood should drop 
him a line. The success of Bill Strang and Joe Al- 
ford in establishing the Dallas office of the Petroleum 
Branch presages an equally bright future for the Salt 
Lake office. 

We have already mentioned the reason why we are 
here—the 1950 Metal Mining Convention and Expo- 
sition of the Western Division of the American Min- 
ing Congress. Julian Conover and his staff did a 
marvelous job. Of the record attendance of some 
5588, 4525 were operating men, suppliers, and 1063 
ladies. The exhibits were worthy of attendance, the 
125-odd exhibitors having their newest models on 
display in profusion. The AIME had a booth for the 
first time in recent years. The Institute’s meetings 
do not feature machinery and equipment, except on 
a small scale by the Petroleum Branch, so the Mining 
Congress offers a unique opportunity for sales engi- 
neers and operating men to get together. Problems 
of economics, taxation, and legislation loomed large 
in the group meetings. We did not attend too many 
sessions, nor stay too long, the temperature being 
what it was. But we gathered that the small mine 
still has its ups and downs—mostly the latter so far 
this year; that the Government isn’t doing what it 
should; and that there is a difference of opinion as 
to just what action we should take. We predict that 
much the same talk will be heard at the Los Angeles 
meeting of the Congress next year 

Utah’s Governor, J. Bracken Lee, made a wonder- 
ful impression on everyone at the Welcoming Lunch- 
eon. He talks like the kind of man we need at Wash- 
ington. As to whether his actions are in accord with 
his words, the comment of Utahns (we don’t like 
that term much either) is favorable, but we are just 
naturally suspicious after the experience of the last 
two decades. How about Eisenhower and Lee in 1952? 

Bingham Canyon was the destination on the first 
night. An al fresco spaghetti and bean supper was 
served on long tables on the new parking lot over- 
looking the pit. The “Galena Days” celebration was 
on, which means the natives had grown beards, the 
store windows were full of old-time signs, and gam- 
bling games were unrestricted. Bingham is the great- 
est man-made sight we have ever seen—maybe the 
greatest in the world, but it should be viewed from 
the far rim. About 175,000 tons is moved a day, some 
75,000 tons of which is ore, containing around 0.8 pct 
copper. 
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AIME Personals 


H. Travis Adams is now employed 
by the Trans-Continental & West- 
ern Airlines as staff assistant to 
the system fuel administrator. 


Richard C. Anderson has joined the 
Fresnillo Co., Fresnillo, Zacatecas, 
Mexico. 


Martin Armagnac has resigned his 
position with the San Francisco 
Mines of Mexico Ltd., San Fran- 
cisco del Oro, Chihuahua, Mexico. 
He is now employed by the Fresnil- 
lo Co., Fresnillo, Zacatecas, Mexico. 


August J. Breitenstein has been ap- 
pointed to the Mining Advisory 
group of the Bituminous Coal Re- 
search, Inc. Mining Development 
committee. This is in connection 
with the coal industry’s program to 
develop improved mining equip- 
ment and methods. 


William F. Betzler, Sr. is now em- 
ployed by the Interstate Iron Co., 
Virginia, Minn. as a mining en- 
gineer. 


Oliver Bowles 


Oliver Bowles, who retired from the 
U. S. Bureau of Mines in 1947, is 
again on the staff in the capacity 
of a consultant dealing with spe- 
cial phases of strategic minerals. 


Vsevolod A. Gorsky has joined the 
Incorporated Gold Mines Ltd., N. 
Transvaal, as manager of the 
Knights Pietersburg Gold Mine. 


M. W. Jasper is now a mining en- 
gineer and geologist for Western 
Uranium Cobalt Mines, Ltd. S 
Hazelton, B. C. 


S. G. Lasky of the U. S. Geological 
Survey is one of six civilians from 
the civilian agencies of the govern- 
ment who have been detailed to 
attend the Industrial College of 


the Armed Forces for the current 
academic year. 


William W. Lynch, mining engi- 
neer, has been elected vice-presi- 
dent of the Calumet & Hecla Con- 
solidated Copper Co. He has been 
New York representative of the 
firm. 


William Maratta has accepted a 
position in the engineering depart- 
ment of Clinchfield Coal Corp. His 
previous connection was with Eav- 
enson & Auchmuty. 


Richard E. Mieritz has joined the 
Northern Peru Mining & Smelting 
Co., Tacna, Peru. He was formerly 
connected with the American 
Smelting & Refining Co., Tucson. 


T. M. Patten is general superin- 
tendent for the Silas Mason Co., 
Grand Island, Nebr. He will be 
working on the modernization and 
operation of a one load line at 
Cornhusker Ordnance plant for 
loading rockets. 


S. Lewis Rohrer 


S. Lewis Rohrer recently took the 
examination given by the State 
Board of Registered Professional 
Engineers in Nevada and is now a 
professional mining engineer in 
that state. He will remain district 
materials engineer for the Califor- 
nia State Div. of Highways, Dis- 
trict IX, Bishop, Calif. 


Earl L. H. Sackett, formerly assist- 
ant chief metallurgist, Baroid Sales 
Div., National Lead Co., Malvern, 
Ark., is now superintendent, Wash- 
ington County, Missouri operations 
for the same company 


Stuart St. Clair left in August for 
an extended trip in the East In- 
dies. He will be engaged in min- 
eral and mine examination work 
and is expected to be absent from 


New York for 
months. 


approximately 3 


D. S. Senders 


D. S. Sanders has accepted the po- 
sition of consulting metallurgist 
with the Sociedad Minera Puquio- 
Cocha, Morococha, Peru. He was 
previously superintendent of con- 
centrators, Cerro de Pasco Copper 
Corp. He expects to return to the 
States before the end of November. 


John H. Schissler, Jr. has recently 
resigned his position as contract 
and bonus engineer for the Copper 
Queen Branch of the Phelps Dodge 
Corp., Fresnillo, Mexico. He has 
accepted the position of chief en- 
gineer with the Fresnillo Co., Fres- 
nillo, Zacatecas, Mexico 


Glenn H. Sides is now employed as 
an industrial engineer, coal mines, 
with the Tennessee Coal, Iron & 
Railroad Co., Birmingham, Ala 


H. De Witt Smith has left for 
French Equatorial Africa and South 
Africa. He will expect to return to 
New York about October 15. 


J. N. Steingasser is now a rodman 
for the Eastern Gas & Fuel Asso- 
ciates, Wharton, W. Va. 


Walter A. Sterling recently elected 
vice-president, Cleveland-Cliffs Iron 
Co. is now directing extensive min- 
ing operations of the company and 
will be located in Cleveland. He 
was previously manager of the 
company’s Mesabi range. Grover J. 
Holt is succeeding Mr. Sterling and 
is now manager of the Mesabi 
range properties at Hibbing. C. W. 
Allen is general manager of the 
iron ore operations at Marquette 
and Masabi in Ishpeming. He is 
succeeding C. J. Stakel, who is re- 
tiring, but will remain as an acting 
consultant 


J. P. Warner has been working for 
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.-. that’s why Le Roi CLEVELAND PD 24s are 


ideal for one-man operation — drill out the round faster 


PLENTY of rotation power and drilling speed 
... in a drifter that one man can handle 

— that’s what you get when you put Le Roi 

CLEVELAND PD-24s underground. 


Thanks to their short-stroke, double-end-seat- 
ing valve, these streamlined, one-man drifters 
are extremely fast and efficient — produce more 
work, use less air. 


The piston is cushioned at both ends of its 
stroke. This feature, plus an unusually effective 
built-in lubrication system, keeps upkeep costs to 
a bare minimum. 


Moreover, you get the right feeding action for 
any rock from the double-lobe, vane-type feed- 
motor with its positive control, A floating joint 
between feed motor and screw eliminates shock 
and prevents misalignment. And the PD-24’s one- 
piece, ribbed guide-shell provides added strength 
and stiffness — makes drilling easier and faster. 

Weight of the PD-24 (power feed) with 24- 
inch steel change is only 167 Ibs. If you need 
heavier machines for jumbo operation, 2 addi- 
tional sizes are available: PD-25 (3Y2"), and 
PD-14 (4"). Contact your nearest Le Roi branch 
for complete facts or write us for Bulletin 127. 


* 
Call these Branches for prompt service: 


Birmingham Butte Denver El Paso ® Ironwood 
New York Philadelphia Phoenix Portland 
Salt Lake St. Louis San Carlos Tulsa Wallace 

RO-28 


Sinker Drills 


CH 


Drifters 


Reverse 
Air-Feed Sinkers 


Mine Jumbos 


@ 43 329) SOW 


CLEVELAND DIVISION © Monufacturers of CLEVELAND ROCK DRILLS 


CLEVELAND 11, OHIO e New York e 


Milwaukee © Tulto © Butte 
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Washington 
Sen Carlos 


Birmingham 


Sherritt Gordon Mines Ltd., at 


their pilot plant in Ottawa. 


Harry J. Wolf 


Harry J. Wolf recently has been 
engaged in consulting work relat- 
ing to mining ventures in Colorado 
and mineral deposits in North 
Carolina. 


Charles Will Wright recently spent 
a 10-day trip in Rio de Janeiro 


Richard Vaughn Wyman has 
joined the Cerro de Pasco Copper 
Corp., Cerro de Pasco, Peru as as- 
sistant geologist. 


—Obituaries— 


Harold S. Arnold (Member 1945), 
former assistant to the president, 
International Nickel Co., Inc., died 
suddenly on August 7. Mr. Arnold 
was born in North Abington, Mass. 
on Oct. 19, 1886. He attended the 
Phillips Exeter Academy from 1902 
until 1906 and then entered M.LT., 
graduating in 1910. He then joined 
U. S. Smelting, Refining & Mining 
Co. as a miner at Kennet, Calif. 
For the next few years he was en- 
gaged in general mining activities 
in California, Arizona, and Mexico. 
In 1914 he joined International 
Nickel Co.’s physical testing lab in 
Bayonne, N. J. When the operating 
and technical department at Bay- 
onne was formed, Mr. Arnold was 
made assistant to the superintend- 
ent. He worked in the planning 
and construction of the company’s 
Huntington works in Huntington, 
W. Va. and later became produc- 
tion manager of that plant, operat- 
ing from the New York office. In 
1935 he was appointed technical as- 
sistant to the vice-president and in 
1949, technical assistant to the 
president. During the past 15 years 
he had acted as technical advisor 
on all motion pictures produced by 
the company 


John F. Berry (Member 1893), for- 
mer mechanical engineer has died. 


if 
A 
| 
4 


He spent most of his career in vari- | 


Africa In 1937 he came to Mexico SHEFFIELD COMPETITIVE 


and was employed as superintend- 


ent for the Cia. Minera Asarco, Aire ml 
Libre, Pue. 


Otis Adams Critchett (Member 
1927), died on July 11 after a long 
illness. Born in 1875 at Monroe, 
Mich., he attended school there, 
and in 1897 graduated from the 
University of Michigan with the 
degree of Ph.C. He was employed 
by the Candelaria Mining Co. for 
one year as a chemist, and in 1902 
he went into the assay business at 
the Custom Assay Office. He then 
joined the firm of Ferguson & Crit- 
chett, the southwest’s oldest assay 
office, as an assayer and chemist. 
He also did chemical and metal- 
lurgical consulting work. 


M. G. Driessen (Member 1949), died 
on July 16 in Switzerland following 
an emergency appendectomy. He 
had attended the International 

Conference on Coal Preparation in 
Paris and was visiting in Switzer- 
land when stricken. Born in Hen- 
gelo, Holland in 1899, Mr. Driessen ra. ERE 1s 

was a graduate of the University of A Di RE R E BS CE 
Zurich, Switzerland and the Uni- 

versity of Delft, Holland. In 1923 iN FORGED STEEL BALLS 
he came to America and spent two 

years with the Westinghouse Elec- 

tric Corp. and DeLaval Steam Tur- Again, the longer wearing qualities of Sheffield Moly-Cop balls have 
bine Co. He returned to Switzer- been demonstrated. This time in a test grinding barite ore at Magnet 
land in 1925 to do research work Cove Barium Corp., Malvern, Ark. 

for the Brown Boveri Co., Baden. 

Mr. Driessen became chief of re- An equal number of 

search for the State Mines of Moly-Cop and competitive 

Holland in 1929. While there he in- forged steel balls were 

vented a device for the concentra- charged into the same mill 

tion of heavy media in coal clean- at the same time and 

ing Plants, In January, 1948 he | wore recovered alter 4604 

e 

joined Heyl & Patterson, Inc. He ae hours. All — 

was an active member in the Coal bu, senna 3% inch nominal , 

Division of AIME and wrote many diameter and marked for COMPETITIVE BALL 
articles on coal preparation. identification. MOLY-COP 


Hugh F. Marriott (Member 1905), The recovered test balls are shown in the top photograph. Clearly evident 
died in 1949. He was born in Lon- is the difference in rate of wear. The competitive forged balls wore 38% 
don in 1869, and attended the Royal faster, based on average diameter loss. Note also the pronounced differ- 


School of Mines from 1886 to 1891. ence in retention of spherical shape. 
He spent some time working on 


base metal and silver mines in the Typical fractures of the two types of test balls are shown in the lower 


Spanish Pyrenees, and also in Jo- photograph. Note the fine, hard, martensitic grain structure of the 
hannesburg, South Africa, doing Moly-Cop ball. 

prospecting and geological work, 

and writing scientific reports on f- 


The economy of Moly-Cop balls has been 
borne out in reports from all over the 


the earth temperatures, air supply 


to mines, etc. In 1930 he joined the Carbon and Alloy Steel world. A comparative test in your own 
Panama Corp. in London and in Ingots, Blooms, Billets, Plates, mills will demonstrate just how much more 
1936 was president of the Panama Sheets, Hot Rolled Bors, economical are Moly-Cop balls in your 


Corp. (Canada). Steel Joists, Structural Shapes, grinding operations. 


Warden A. Moller (Member 1906), Reinforcing Bors, 


died on May 29. Born in Shanghai Welded Wire Mesh, 

in 1871, he spent most of his life Wire Products, Wire Rods, 5 H f t £ ! E L D $ T EE L 
in the Far East. He was employed Fence, Spring Wire, 

as a mining engineer in the mining Nails, Rivets, c ° R P °o 4 A T | ° N 
department of several companies Grinding Medic, Forgings, HOUSTON KANSAS CITY TULSA 
in Tientsin, Pei Piao, and Man- Track Spikes, - - 
churia. In 1930 he went to England 

and in 1931 became associated with ARMCO INTERNATIONAL CORPORATION 
Hooper, Struve & Co., Ltd., London. | MIDDLETOWN, OHIO 
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Power Consumption Varies 


To show you what happens to 
power costs with 3 change in mill 
diameter, here are data averaged 
from actual reports from commer- 
ciel operators over a period of 
years. Note that power consump- 
tion per ton of feed is roughly in 
inverse proportion to mill diam- 
eter. You cannot compare mills of 
different diameter on the basis of 
equal power. 


Size for size, MARCY low pulp line ball and rod 


With Grinding Mill Diameter! 


mills have bevn proved to have greater capacity 


than grinding mills of any other type, with corre- 


OTHER PRODUCTS 


sponding savings in power per ton of finished 


product and generally better metallurgical results. 
Ask our engineers to analyze your grinding problems 


without cost or obligation to you. 


"Mine Smelter 


SUPPLY COMPANY 


Edwin J. Prindle (Member 1914), 
former mechanical engineer, is 
dead. Born in 1868 in Washington, 
D. C., he received the degree of 
mechanical engineer at Lehigh 
University in 1890. He also attended 
the National University in Wash- 
ington, D. C., and received his 
Bachelor of Laws and then a Mas- 
ter’s degree. He was employed as 
an examiner for the U. S. Patent 
Office and later became engaged 
in the practice of patent law in- 
volving cases relating to mining, 
metallurgy, geology and chemistry. 
He was a member of the firm of 
Prindie, Wright, Neal & Bean. 


Samuel Alfred Taylor 
An Appreciation by 
Newell G. Alford 


Ending 62 years of devotion to 
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Massce F Fiotetion Machi 
Genvine 


his profession, the Institute’s 47th 
President, Samuel Alfred Taylor, 
died on August 20th after a brief 
illness at his home in Pittsburgh, 
Pa. While his active interests in 
engineering and coal mining were 
broad in an international sense, he 
was a leader in the educational, re- 
ligious, and civic development of 
his native community. 

A western Pennsylvanian through- 
out his 86 years, Mr. Taylor was 
born in North Versailles Township, 
Allegheny County, on October 24, 
1863. Educated locally, he gradu- 
ated from Western University of 
Pennsylvania, now University of 
Pittsburgh, in 1887 with the degree 
of Civil Engineer and at the same 
university was awarded the degree 
of Doctor of Science in 1919. Beside 
being one of his Alma Mater’s old- 
est graduates, Mr. Taylor served as 
vice-president of its Board of Trus- 


tees for many years. He acted as 
Dean of its School of Mines from 
1910 to 1912, inclusive, while con- 
tinuing his consulting practice. 

Before establishing his consulting 
practice in Pittsburgh in 1905, Mr. 
Taylor served in many phases of 
structural, municipal, and mining 
engineering and was employed in 
the engineering departments of Car- 
negie Steel Co. and the Pennsyl- 
vania Railroad. 

With seasoned experience and un- 
derstanding in his field, his judg- 
ment became acknowledged by the 
district’s contemporary masters in 
steel, coal, and banking. His remi- 
niscences were studded with gems 
from his personal experiences with 
these men. 

His professional work had taken 
Mr. Taylor to practically all of the 
coal fields in North America. He 
was one of the leading spirits in 
the formation of the National Coal 
Assn. in the decade before World 
War I. He was technical advisor to 
the U. S. Fuel Administration dur- 
ing World War I, along with Rem- 
brandt Peale and John P. White. 
Later, he served as a member of 
the Engineering Valuation Com- 
mittee on the U. S. Coal Commis- 
sion. 

Mr. Taylor joined the Institute 
in 1905. His term as President of 
the Institute in 1926 marked the 
substantial beginning of active in- 
terest by coal mining engineers in 
Institute affairs. He served as an 
Institute Director from 1915 to 1920, 
inclusive, and again in 1927 and 
1928. 

Mr. Taylor had been President of 
the Coal Mining Institute of Amer- 
ica in 1911, of the American Mining 
Congress in 1912, and of the En- 
gineers’ Society of Western Penn- 
sylvania in 1913. 


Proposed for 
Membership 
MINING BRANCH, AIME 


Total AIME membership on July 31, 
1950, was 16,466; in addition 4261 Student 
Associates were enrolled. 


ADMISSION COMMITTEE 


E. C. Meagher, Chairman; Albert J 
Phillips, Vice-Chairman; George B. Cor- 
less, H. P. Croft, Lloyd C. Gibson, Ivan 
A. Given, F. W. Hanson, T. D. Jones, 
P. Malozemoff, Richard D. Mollison, and 


John Sherman 


Institute members are urged to review 
this list as soon as the issue is received 
and immediately to write the Secretary's 
Office, night message collect, if objec- 
tion is offered to the admission of any 
applicant. Details of the objection should 
follow by air mail. The Institute desires 
to extend its privileges to every person 
to whom it can be of service but does 
not desire to admit persons unless they 
are qualified 

In the following list C/S means change 
of status; R, reinstatement; M, Mem- 
ber; J, Junior Member; AM, Associate 
Member; 8S, Student Associate. 


Alabama 


Diviana—Risser, Hubert E- (M) (R.C 
M) 


HERE’S PROOF... 
| 
80 = t— 
| SAL MLL 
|| 
Sa 
4 
| 
4 
Controttors; Belt Feeders; Plach Veives; Assay 
Complete Milling Plonts; Constam Ski Lifts. 
Melis Office: DENVER, COLO. USA; 
Yoru. 
Representerives: Conedion Vickers, 
Montreal: W. Judson, and Lime: 
The Mell Co, Menite, 
Mew York 4.6... for © 
4 
A 
4 
a 


Arizona 
Naco—Humphrey, William A. (J) 
Phoenizx—Brucker, Fredric Louis (M). 
Ray—Zaskalicky, Michael Francis (J) 
(C/S—S-J.) 

Arkansas 


Bauzite—Erspamer 
(Cc S-S-J). 


Ernest Gordon (J) 


California 


Van Nuys—Slosson, James E. (J) (C'S 
S-J) 
Colorado 
Climaz—Rochin, Hector Anton (J) (C'S 
$-J) 

Denver—Shubart, Stanley C. (M) 
Ouray—Bell, Franklin A. (M) 
District of Columbia 
Washington—Mulligan, Ralph C. (M) 
Florida 
Lakeland—Enright, Charles A. (M) 
Illinois 
Chicago—Golden, Richard M. (J) 
Chicago—Raymond, John G. (J) 
Chicago—Rinnander, Adolph J. (M) 
Moline—Herbert, Charles F. (R.C’/S 
-M) 
lowa 

Gregory, Thomas L. 


Council Bluffs 
S-J) 


Kansas 
q 
s- 


Blair, John H. Jr. (J) (C’S 


Kentucky 
Madisonville 
(Cc S—S-J) 


Haley, Ted Davis (J) 


Michigan 

Ishpeming—Fritts, Crawford E. (J) (C'S 
S-J) 

Ishpeming—Riedel, Robert W. (J) (C'S 


S8-J) 


Montana 


Butte—Brox, Gordon B. (J) 


New Jersey 


Trenton—Benoit, Maurice E. (J) (C’S 
S8-J) 
West Point Pleasant—Schwab, Robert 


Charles (J) S-—S-J) 


New Mexico 


Aibuquenque Goldsmith, Louis H. (J) 


(c's 
Carlsbad—Fuchsman, Charles H. (M) 
(Cc S—J-M 


New York 


Long Island—Toman, Larry, Jr. (J) (C'S 
$-J) 
St. Lawrence County—Jones, Marshall 


G. (M) 


North Dakota 
Grand Forks 
(C/S-S-J) 


Fyten, John Herbert (J) 


Ohio 

Cleveland—Litwinowicz, Vincent K. 
S-J) 

Columbus—Overstreet, William J 


Muller, Max M 


(A) 
Green Springs 


Newark—Ratchen, James H. (J) (C'S 
S-J) 

Shaker Heights—Jackson, Herbert C 
(A) 

Pennsylvania 

Harwick—Buzard, William W. (J) (C'S 
S-J) 

Lansford—Bolinger, John C., Jr. (A) 


Rickert, E. E 
Shoenberger, 


(M) 
Ronald W. (J) 


Lansford 

Lehighton 

North Huls 
S-J) 

State College 

(Cc S—S-J). 


Schlotter, Charles W. (C'S 


Bates, 


William Fraser (J) 


HEAVY -MEDIA 
SEPARATORS 


Best Separators 
made 


Counter 


Current 
Action 


PROVEN ON THE 
IRON RANGE 

The Hardinge Counter-Current Heavy-Media Separator is a new separating device now 
in successful operation on the Mesabi Iron Range. It is a slowly-revolving, inclined, 
cylindrical drum with age flights attached to the inner surface of the cylinder. The 
material to be separated, accompanied by heavy media, is fed in at the lower end. As 
the drum rotates, the “sink” is carried by the spiral flights to the high end. 
overflows a circular weir at the lower end. 


The “float’ 
This simple but effective device has no internal moving parts to grind against each 
other. Thus, maintenance is extremely low. The quantity of media to fill this circuit is 
considerably less than with a cone of equal capacicy. The separator will handle large 
pieces of ore—up to 4 inches. It can act as a medium reservoir and will start up easily 
after several hours shut-down. 
Data collected during a typical run of a 7’ x 16° Heavy-Media Separator on iron ore at 
less than maximum capacity: Size of feed, minus 4”, plus 14; specific gravity of 
medium, 3.20; “Sink” produced, 200 tons per hour (dry); “Float,” 75 tons per hour 
(dry) ; H.P. required, 9.2. Write for Bulletin 49-B-2 


YORK, PENNSYLVANIA — 240 Arch St. . Main Office and Works 
NEW YORK 17—122 E. 42nd St. - 205 W. Wacker Drive—CHICAGO 
SAN FRANCISCO 11—24 California St. - 200 Bay St-—TORONTO 


"Deal Yourself "In" 
with a SupernDuty Deck 


Deck Concentrating 

The diagonal deck 
leads with 75% more working rifles that fan out 
the material bed for more accurate cutting. You 
win with higher grade concentrates, leaner tailings 
and fewer middlings for recirculation. That means 
more new feed per day Ask for Bulletin LIRA. 


THE DEISTER CONCENTRATOR COMPANY 


The Original 


DIAGONAL DECK 


No. 6 


CONCENTRATOR 


The SuperDuty Diagonal 
Table is a winner every time 


Deister ¢ porated 1906 


923 Glasgow Ave. Ft. Wayne, Ind., U.S.A. 


South Dakota 
Lead—Miller, 


West Virginia 


Paul A. (J) Ansted-—Shelton, Jr., Carl (J) (C S-—S-J) 


Hemphill Ratliff, Ralph H. (M) 
Tennessee 
Copperhill—Holgers, Robert H. (J) Argentina 

San Juan--Biel, Enrique (M) 
Texas 
Alpine—Evenson, Charles Gerhard (J) Bolivia 
La Paz-Vogelsang, Pieter Bernard (A) 
Alpine—Hamilton, Robert L. (J) (C'S 
S-J) Mexico 

Chapo, Chih. Heinrichs, James A. (M) 
Utah 
Bingham Canyon— Steele Richard G Norway 
(M) Sulitjelma—Christoffersen, Ragnar (M) 
Midvale—Helm, John E. (J) ic S—S-J) Peru 
oe Lake City—Berryman, William J Cerro de Pasco—Rubio. Eduardo J. (J) 
A? 


Salt Lake City—Clark, Bruce C. (J) (R Hager, James 
C/S-S-J) 

Sale Lake City—Smith, Don R. (J) (C/S  Seuth Africa 

S-J). Johannesburg Munro, Neil (M) 
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| COMPANY INCORPORATED 
— Super Duty = 


Appraisals 


Construction 
Consulting Space limited to AIME members or to companies that have at least one member on 


FR 7 . GO LD Designing their staffs. One inch, $40 per year; half inch, $25 payable in advance. 


FROM : G. CANNING BARNARD MARK C. MALAMPHY & CO. LTD. 


CIRC UITS | P. 0. Box 705, Nairobi, Kenya Colony. Tel.: 5319 and in Africa. 


JAMES A. BARR JOSEPH T. MATSON 
Conantting CONSULTING MINING ENGINEER 
pecializing in Non- Metallics Examinations—A ppraisal s—Operations 
505 Halong Ave. Mt. Pleasant, Tennessee P. 0. Box 170 Santa Fe, New Mexico 


LBEAR & COMPANY 
Coolonies CLAYTON T. MeNEIL, E. M. 
11 Broadway New York 4, N. Y. Operation 
822 Bank of America Bidg. Tel. GArfield 1-2948 
SAN FRANCISCO 4, CALIFORNIA 


BLANDFORD C. BURGESS 


Registered Professional Engineer ARNOLD H. MILL EK 
Mining Consultant Consulting Engin 
Monticello, Georgia Mine, Mill and | Industrial Investigations 


Improvement Design and Recommendations 
PAN-AMERICAN GLENVILLE A. COLLINS 


Cable: “ALMIL” Tel. Cortiongt 7.0698 
Mining Engineer 


120 Broadway New York 
Uranium examinations Cable “*Colns” RODGERS PEALE 


| 210 La Areada Bidg. Santa Barbara, Calif. Consulting Mining Geologist 
| 315 Montgomery St. 
San Francisco 4, Calif. 


COWIN & CO. 
Mining Engineers and C 
50% to 60% of the free gold pass Slone Sioking 
ing through your grinding circuit Appraisal see Cevelepmnnnt LUCIUS PITKIN, INC. 


d b he i Re Mine Plant Constrection - 
y the installation nd Ave.. B'ham. Chemists Spect roscopists 

. an. are | tepresentatives 
of a Dorrco Pan-American Placer | = PITKIN BLDG. "a7 FULTON ST.. NEW YORK 
Jig on the ball mill discharge. If | HUBERT O. DE BECK ‘able Address: Niktip 


Consulting Geological Engineer 


you use traps, corduroy or a unit CERAMIC RAW MATERIALS and 


Alotati iI hi D {RDUSTRIAL MINERATS 

ota ion ce it this point, a orreo Custer, South Dakota Austin 21. ed MILNOR ROBERTS Consulting 

P-A Jig will substantially increase 


Mining Engineer 
your r The Pacific metheet. British Columbia 
ecovery. ant 
y THEODORE A. DODGE 1801 15th Ave., NE. Seattle, Wash. 
In either case you will simplify the | Consulting Mining Geologist 
the load on every subsequent step CLOYD M. SMITH Mining Engineer 

rec ery "Pee Ve tion 
of the recovery process. MILTON H. FIES Operational oy a 
Why a Dorrco Pan-American | Consulting Engineer Munsey Building Washington 4, 0. C. 
Placer Jig? First, because it’s com- 
pact... requires low headroom .. . 
has high capacity per square foo —— SEWELL THOMAS 
a P “Nay P q . t A. F. FREDERICKSON onsulting Mining Engin 
of floor area. Second, because its Registered Mining Engineer and Geologist Plant iene Design. Deal ing Mechanization, 
. . MINE EXAMINATIONS AND REPORTS ining Methods 
operating cost is phenomenally low Differential Thermal, X-ray, spectrographic 1 380 GILPIN STREET “DENVER 3. COLO 
th 1 optical examination of rocks and miner 

+ +» ON the average, 2 cent per 7506 Carondelet St. Louis, Missouri 


ton of mill feed treated for power, 
maintenance and repair. GEORGE A. HOCH 


Thin Section Technician Mana, ent, Examinations 
Bulletin $2401, just off the aa Standard and Oriented Sections 146 So. West Temple St. “Sait Lake City 1, Utan 
press, contains 16 pages of Specialty 
detailed information on this Franklin & Marshall College, Lancaster, Pa. 
dollar-saver, A copy is yours ©. W. WALVOORD Co 


for the asking 
CARLTON D. HULIN Mill-Design and Construction 
Mining Geology 101 High St. Beaver 8, Cole. 
n Francisco 
Dorrco Pan-American Placer and Pulsator Jigs Shelt Building Caltferata 
have long been used wherever the gravity con- 
centration of coarse, heavy minerals is possible 


LELAND 


WALKER & WHYTE, INC. 


THE DORR COMPANY KELLOGG KRESS 
(Corner New Chambers) 


Mineral Dressing Consultant 409 Peari St. 
564 Market St., San Francisco 4, Calif tow Vert U.S. 


BARRY PLACE, STAMFORD, CONN 


ep “ LEDOUX & CO. INC, HARRY J. WOLF 
services and equipment are available Assayers Chemists Mining and ( onsulting Engineer 
rough Associate: and Re through- inations— Valuations 
out the World Shippers representatives at al! aod 420 Madison New York Y. 
155 Sixth Ave. New York mame 
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THE Ry 
PLACER JIG | 
ALKER 


Drilling 
Geophysicists 


M 


Metallurgica! 
Reports 

Valuations 


ALLEN & GARCIA COMPANY 


38 Years’ Service to the 


Coal and Salt Industries as 
Constructing Engineers and Managers. 


Consultants, 


Authoritative Reports and Appraisals 


332 S. MICHIGAN AVE., 
120 WALL ST., NEW YORK CITY 


CHICAGO 


E. J. LONGYEAR COMPANY 


Foshay Tower 


Minneapolis, Minn. 


Consulting Mining Engineers 


Mineral 


Exploration 


and Geologists 


Mine 
Valuation 


UNDERPINNING & FOUNDATION 
COMPANY, INC. 
155 EAST 44TH STREET 
NEW YORK 17, N. Y. 


Specialists in Design and Construction 
of Shofts and Tunnels 


Scenery Hill 


B. B. R. DRILLING CO. 


Martins Ferry, O. 


Diamond Core Drilling 


Contractors 
Mineral 


Cores Guaranteed 


Foundation 
Testing 


DIAMOND CORE DRILLING 
CONTRACTORS 


Testing Mineral Deposits 


Foundation Borings 
MOTT CORE DRILLING CO. 
Huntington, W. Va. 


S. POWER (Pi) WARREN, EM.MSc. 
MINERAL AND METAL 
BENEFICIATION PROBLEMS 
Only those commitments desired which 
include personal, on the job attention 
1910 Kalorame Rd.. N.W. North 5442 
WASHINGTON #9, DB. C. 


2720 Koppers Bidg. 


EAVENSON & AUCHMUTY 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 


Pittsburgh 19, Pa. 


PENNSYLVANIA DRILLING 


COMPANY 


PITTSBURGH 20, PA. 
DRILLING CONTRACTORS and 


MANUFACTURERS 


We prospect coal and mineral land any 


where in North and South America. 


Core borings for foundation testing; dams. 
bridges, buildings, etc. 


W. T. WARREN 
V.P., MacLEAN DEVELOPMENT CORP. 
Mining Engineer—Consultant 
|. EXAMINATIONS & GENERAL ANALYSIS 
2. UNDERGROUND OPERATING PROBLEMS 
@) Safety c) Secondary Blasting 
b) Low-cost Stoping d) Production 
MeLean Development Corporation 
Route 1, Box 440 Reno, Nevado 


10 East 40 St. 


CHESTER A. FULTON 
Consulting Mining Engineer 


New York City 16 


PIERCE MANAGEMENT, INC. 
MINING ENGINEERS 

A Background of 22 Years of Design, Consulting, 

and Management Service to Coal and Mineral In 


dustries in 


Scranton 3, Pa. 


28 States and 18 Foreign Countries 
Seranton Electric Bidg. 1025 Connecticut Ave. N.W. 
Washington 6, 0.C. 


JOEL H. WATKINS 
Mining Geologist 
INDUSTRIAL MINERALS 
CHARLOTTE C. H. VIRGINIA 


MUrray Hill 9-1530 


Belmont 1353 


302 Somerset Rd. Baltimore 10, Md. 


T. W. GUY 


ROGER V. PIERCE 
Mining Engineer Specialist 
Underground Mining Methods, Cost Cut- 
ting Surveys — Production Analysis — Mine 
Mechanization — Mine Management 


808 Newhouse Bidg. 


Phone 33973 


Salt Loke City 4, Utah 


WEISS GEOPHYSICAL 
CORPORATION 


Mining geophysical surveys with serial ant 
ground magnetic, gravimetric, seismic and 
electrical methods; research and develop 
ment. Experienced crews for systematic work 
in any part of the world 

149 Broadway Rh etor 2-6294 

New York 6, N.Y Cable: “Geophysics” 


Consulting Engineer 
Coal Preparation 


TO YIELD MAXIMUM NET RETURN 
FACE AND PRODUCT STUDIES 


HARRISON SCHMITT 


PLANT DESIGN AND OPERATION 
Kenowhe V. Bldg. Chorleston, W. Vo. 


Consulting Mining Geologist 


Cottage Sanatorium Road 
Silver City, New Mexico 


Telephone 146-J 


J. W. WooMER & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 


Union Trust Bidg., Pittsburgh, Pa 
N | Bank Building, Wheeling, w. Ve. 


SAN FRANCISCO 


ABBOT A. HANKS, Ine. 


ASSAYERS-CHEMISTS 
Shippers Representatives 
624 Sacramento Street 


PAUL F. SCHOLLA 


Consulting Mining Engineering 
Metal & Industrial Mineral Mining 


Examination 
Development 


Management 
Surface Plants 


Foreign and Domestic 
1025 Connecticut Avenue, N.W. 


WASHINGTON 6, D. C. 


L. E. YOUNG 
Consulting Engineer 
Mine Mechanization — Mine 
Management 
Oliver Building Pittsburgh, Pe. 


Consultant 


Magnetites 
38 Clinton St. 


JOSEPH R. LINNEY 


MINES e@ MILLS @ METALLURGY 
30 Years’ Experience Adirondack 


Plattsburg, N. Y. 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA. 


Diamond Drill Contractors and 
Manufacturers 


Core borings for testing mineral 
deposits in any part of the world. 


This one-inch card is $40 per 
year; half-inch, $25. All cards 


payable in advance 
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Iron and 
Steel 
vs. 
Abrasive 
Minerals 


* Write now for 32 
page reprint on 
“Wear Tests.” 


® Reprints of an informa- 
tive and authoritative paper 
(published by the American 
Institute of Mining and 
Metallurgical Engineers), 
giving the statistical results 
of extensive wear tests on 
a wide range of grinding 
ball 


available. 


materials, are now 


Abrasion Factors "’ for 
materials of different com- 
positions and treatment 
have been developed from 
the results of these tests. 
These factors can be applied 
to many other abrasive 


conditions. 


® This is information not 
yet available in book form. 


Write for your copy now ! 


Climax Molybdenum Company 


— 500 Fifth Avenue New York City — 


ee wis Please send me a FREE copy 
cour? of 52 pp reprint on WEAR TESTS. 
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CUT DOWN COSTS 
IN COAL PRODUCTION 


Our engineers will be glad to tell you 
how you can add to your coal profits 
with Hydroseals. Write to... 


THE ALLEN-SHERMAN-HOFF CO. 
213 South 15th Street * Philadelphia 2, Pa. 


Offices and Representatives in 
Most Principal Cities 


Here are two of the six Hydroseals 
in the cleaning plant of a major coal 
producer. Four pumps (two standbys) 
handle %-O-inch coal sludge at about 
40% concentration; two others pump 
middlings that have been crushed to 
%-inch top size. Service-proven in 20 
months of two-shift operation. 
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 ,,. the heart of Better Light for the miner 


@ Edison 
Nickel-lron- 
Alkaline Battery 


@ Welded Steel 
Cell Containers 


@ Tough Nylon 
Plastic 
Outer Case 


MINE SAFETY APPLIANCES COMPANY 
BRADDOCK, THOMAS AND MEADE STREETS ... .. . PITTSBURGH 8, PA. 
At Your Service: 48 BRANCH OFFICES in the UNITED STATES . 


“MINE SAFETY APPLIANCES CO. OF CANADA LIMITED Toronte, Montreal, Calgary, Winnipeg. Vancouver, Mew Glasgow. N.S. 
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